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^VaJ 



jill l_Aj£]| 



^JlAxSI jil^l ^JJJJ 4 4_i*_-aLaJI L - l£Jl L- AxJ (_£A1I ^XLll\£^\ L-ul^JI (JJJ S^aJill AjuJ AJjLa*-a ^A L_jL£]| lAA 

4_ij^£]| (_£^a]| £_ijJal^a <j-a 4_Lkj jl 4 ^^ic- L-lxj^a La ^2^ A"y^ A2j 4 £^aa]| A*_J ^jjaAi^_il 4_jaUJU ^£.111 

lAA (Jj k ^ ^2 dbuojA CjIc-jjJo^ all 4_ic^j lAl] ^juAJj La lAA Lojjj 4 ^ Aaj ^ jl 4 LlUa Cij^ ^ 

J£ q c. CjLa^lx^a Jl l_3Aa! futile 4 Jl^oll lAA ^ 4 jAa1£j]| c_u£]| £-a 4jLojjj V C5 ^2 4 c_jL£1! 

I ^jIjjujLujI (jliAA ^jjJaj-a (_$\ 4jL£ s-LjI (jl£ Laj|^ 4 £-^jJaj^a 

^)L^aJ^L 4_iijjll ^JjJaj3 (jjfL LL^I^ 4 V^l ^jJaj-oll Sjx«o* l i'S a\\ 4_LaLaAI 4_ijj^]! ^JjJajJ ^A (JjVI C_9A^JI — 1 
^al^. ^Aj L_)L£]| lAA ^2 ^jj^l L_)L]| 4^aAiLa ^Jl >LLa La .4_juoAj ^^jJa^a]) 4 jL£ ^j-a L_l*j^al 

A2j 4 ^jjLojI SAC. ^2 l^A jj£ ^A£] CjLskix^a £jJaJ (_£A*jj V cjLII lAA 4-aALo2 4 4 _ij^£]! Cj1£ajuli 

(Jl^a ^2 (_Loaj ^jjjAi^a (_^l l^j ^L £j\ <- > ^a]| CjLujIjaIIj ^jALLoIIj al^il ^a^J) ^jl l^_2 dlljL^ 

^aaxJl ^ji l^_2 CjIjL^ ^aII CilLl! l_jL]I A-aAiLa 1 A j 4 4 jjj^£]I 4^ajiaLa ^2 '^jjjAll Cj\£_Ujo" 

l^lAau ^pll Axalil cj UUJ I ^ Laj 4 "Substation" 4 ac,j 2 CjV^a^a 4 L.^ ^ aoxu^aj ^Axj liL 

. CjVl^^all 6AA ^_^2 (J-oju (_^a]I ^jjjA^o]| 


p-jjJUJ 4 ^^1-0x11 jiyij (_£)laiH L_uL^J) Jajjl I^J2 ^2AA 4 (Jjj^alAilLj ^Ixjj 4 ^AIjII l_9A^JI 2 

CjLUJI (j-a AjAjkJI (J>L^ ^j-a 4 CjUa^aljj ^ijj-all ^j-a 4 _j5jA^. (J^LuLa ^ua^)£- (j- 0 

^£;Ia 1I (jia*J 4 CjLL^JI ^uaju ^jc. uj,hll Aic. 4 _Aa*JI S^iaJI (Jaj JLLk ^>a j) 4 4_i*2|^ll 

. C_JLa] 

hL^JI 4*j 

Ua ^j-aj 4 ^aj*]| ^^2 ^jujA^A CJ^LujIj 4 4juiLoj 4jj^)C- 4JlS ^lAaJLajI lJiIaaVI ^Ailj ^JAa3 ^5-^ CiljLa^ 

^aAc. ^jjixjjJ-a (jjAl^ (jj! 4_-avL«JI 4JI2 La liA . "4_iJ^£j| (_^fl]l 4 _jojAW l l_)Ij£JI ^jl£ 

:LaiAi£* Uj^ (j^ i-Aj^aj ^ 

l^JS I^aaaI^j ^ A^aliLujIj 4 <1ac. 6^-Lk-ial l ^ v ^\ 4 xjjAa^] | jl ^\c, 1 ^ M 

J< Q \ 1 ^xja3 4 L^aLlajjl^ L^jjj^a] 41^1 JalxAl Al£j V t l_ujja]| AaI^. 4 ^UalljVI ^-iiJ 

C-jIj c* Ljl^x> 4JI A3j 4 Jic. 1 ^ k^\ l2dAjj 4 Ua^Jl ^jC. 1 g*n m^)L<i^j 

^Luj^)L<ia ill (J^J 6 ^ 3 ^ L)^"^ 1 ui.Vig x> ^j£j ^aJ 

LojI j jl^jVI (J^ ^jVij j ^)IaSVI ^-La jjuJu ^aII C-JjaII ^j^jL^all 4 _jHaj AjujAa^\ l 

# ?f A-aUaljlj Ajjjjj 4 -Jl U^jujI Li cilli 


^£11 (_£^a]| "Ai^aA*^ (J^J ^j-a 4jj^)£. AJjL^-a l_j1j£]| lAA (jl£ La ^j-aj 








< <aA La 


• AjjujLujI CjIa jiaLo 4 j>Ij ^Ja 4a aAA (jj£jj 

(Jc, \£jJj* ^ JaIac jti\ ^Lajlaioll (Generation System) ^Lu^lt S>aSI) aJjj 3 ^jlaia -1 
CjUjL^jsIj 6 CjUa^all j 4 SaIi^aII SjaaII 4 Saj^^aII CjI^jjoJI i I^aaI ^ja Cjlc^jCa ja sac. 

.ajIjjI! 

cj Ku ^I JJ ^aijj iajIaLJI 6aaj (Transmission System) SjaSJI JSj iajlaia -2 

^jIaII^ . Underground Cables c£UUlj 4 Overhead Transmission System 4j%^i 

Cj>LjI£JI (JUaC.)^ (Jjl^xSI CjvL-a^ a!I 4juj|jA (Jjj3 (^ja Cjlc^jJajAJ ^sAj (jl 4_ilc> c-ia>J IA^J 

Reactive aJIxaII jjc. s^aaII <LuJja cIIa^j 4 aJ^aIaI) aJIxaII s^aaII cjLI j 4 l^j£l a! < M l^jjjljj^jj 

. ole.jjjajA ^ja cUa J! 4 cjI^jjoiII A^-aJI cjIjjj l^Asvlcj Power 

JJ ASUall Jal ^ujhiJl 6 aa (Distribution System) ^> 4^1 SjaSJ) jjJjj 4 *jlaia -3 

(jl 4ulc. l_l^j Ia^J (JjjjIaIIj - ^j>>o-v \*W A^Ji 4 ^Jjoi Ljajjj J^jujjjaII A^Jl 4 ^jC <J>Lk ^ja ^jj£A^Jjuia]| 

4 o\"-v ^\' £jjjj]| 4 a)o jlj 4 £jjjjll 4 ^jCi CjU^aj CjI^jCi 4_a1jlja S^jj^ CjIc.jjasjaj 

•e 3 ! 

4 4a jliuj 4 4 j\a^JI 4a jliu (JAa 4uCja]I CjIajJsAa]) ^ja 4c^asa 4j>Ij]| CjIa jIVaII &AA (JaC. ^aJajjj 

.CjVI x-aJV1 4 a jliuj 4 ^jjjUaII 4a jliuj 

i~n^v 4 4 ja^j]| 4jvlall CjIa jhull <jjj 4 jjujIaV) Jaj^ll Jj^sIaa 4jIuaj Substations JjjaIJI LjlAaVA j. 
.(^d! - oVI^jVI ~ ^Ull — 4 j1a^JI) 4ajLuo1I SAoLaaII CjIajIsjaII ja'V (Jj^^A]) CjIIx^a (_)^>Iaj 


4 C<At} ^ja ^A-Cl) ( xa 4 A ^\1^>^\1 4aA^JI SAj^. Ixa QjIxjj CjIaj)}^ \ a \\ ^jJalljj 

Jjicnll 3 j.nU i ^jaH saUjjuj) 4^ ^ 4£jcJ) S;Aa ^aa 4j ^[9 4 ( Power System Stability) 
cjj^A ^9! 4_lajjuaj cj\^ 1\ caa ccl£ Transients Ai^uaUj d^jl^ CjI^a cjja^. aju (^^\\ jl aajjI] ^I^juj) 


.Aa^jCs 


^jjoAI^a I^j ^Jj <- > 4aI^( CjIcjjJsja]| ^ja Ijjj^ ^ t->4" 4 4 jjoi ^ja Qj^a IaAj 

CjIajJo1a]I ^j\j IaIc. 4 Jij cIIAj 4ajLuo1I 4aAAa 1I ^jAjJa 4 jjoJI L-jI^jVI oAA ^jjjU*J CjjjuoI A3j .4jjj^^1I 

• Sj\3SJ» l_jI_9j) ICajI I^jc. M)hll ^jjja 4jc^a1I 













>iU«JI IXA jX 

Ia jl 4 jlaL^JI ^ S-ljjaJ ^LolSl L_L/lU C 4-alc. 4i_j^aJ LujLujI L_U^ L_llj£JI IAa 

c ££)Ia11 43j^)*_a 4j _ujl_ ujVI CjI^IL _jl Uli IJ]j . ^anWJI ^jl*MI j-a 4 JjI*j 

. Ljajj 4jjjlViyi 4 JlUL AJjjjia Cjl^llax^JI &3& j^ u' L£ 6 ^-jjuJ frba3 

c£)UJ j>a 4 j _iJaljj CjjjjAau j^\ (jf~ IjaM jjl 4 HjIj^ c_j^1_uj! ^3 C5^3-J ^3_xiaj^l 4_iA&y jjiajj 

jj_ L-a _ k^aaIL<JI j_mJI j-a ^j>> tjc. c» 1 lid \j_ ujLia L__jJajl 4~il» ^ AjjjjJI AjlIIIj jl Lo^ t 4_ ujIj.JI jAJU 

.^jJJI ^3 jflaM ^1 4jJ j-<a U^ 4_n3 (JIaC>I j>a 4 j jjA^AJ Ia CjIjjujIjujI ^43 j)C. jjiiaAJI 


'•^UXJI |j£ gAfcy I jW 

4 ^4 ~sg>rO 800 ^l^^ 4 a'S'v ^>^5 6 4jVI^-<» 4_iJjjeJI 4 JlJIj (JjVi jjf^J Iajj l_j!j£JI IJ& 

. ^JjuJI ^3 ^1a*JI L_ijlaJI^ ^AJjIfiyi L_ijlaJI j)JJ ^JaIIj 4 Cjl^^juaj-JI (Jjljj (_5^ 4 _J^LujI 

. 4_LaI£]| 4jjIc- 4j 3 .Wjkti 3aJ (J^ ^jjajla £_aj 

Sjj^j j^LIj ^lill L_u£JI cJIA j*NA ijj - 4 \j\a 4_i3 4Jj\*s, aII 4JxoVi jl L-JUolli • 

"Uuoij" (Jjjuaftll ^uaxj ^3 4jj)\*s. aII 4jj»Vi j-oju Cj3a>l 33 j c 4jAi^JI l_u£J 4j^ala^ 4-lj)l*\ aII 4jj»Vi 

LoAj 6 Theraja l_j\j£J 1 jjajl j c jjj-al] 4^11 ^^ 2^1 V.K. Mshta 

. ^L—llUall Juij 4 \ ^\-v ^ 4_1 !lJ ^dll L_nfHI 

^3 ^Jjuo ij 4 (J^xjooI] 4_iLaxJ! (J_u-alijll 4u^aAJJ L_j1j£JI ^jl ,Aa>Jjuj CjUaa^all ^-3 a]1 j # 

CjIjJLlLq SJ^2v^A CjIaLq ji Cj1_2^]Ij£I] til]jl Jl^uJ .^cj) 4 (JjkTOfl"llL Cj1Ax_xJI 

.^4-laAill fiijlA ^cJlatJJ 6 fijlA ^)jojJ 4_ij^£1I (_£^a1I 

£^)jaJ! ^ ^^jjoiaI) 4jjJaL^li 4_iLu-£aij CjIjIjj! 4 ^2n cj!j£J! .Ysjm itLaaVj^ • 

l_jU]| s^yi Transients Jl cjLujIj^ (JiL^ LUiaiJI i*J ( ^ 5 jjaL^I ^jjjLujVI 4j^*^i c_JUaJ 
t C v(jl jjiJlj .ilia ^1131 l_iUI ^ TL Parameters Jl ^tm^l oliLaa. Jlaj ( jji.Vl 

4 (J|^'ia\l ^Jc. 111 l ~>j'^^§1 t ^)JJI ^9 L_J^ixaVl IIa ^bULluj ^~n'j^I' a_lic-i JjV 

^aJAl jl ciUj Jlxj cJjJa3 j c l^tm^l 4j^)ia JJJJI V 9 4jjI^JI l^J^j^a 4jjlx-JI ^JL^JjujI jl CjjILkls 

cjIjjojLujVI ^^3 j£^ JSLUI ^4^9 4 JjjJJI c Physical MeaninQ 

(_ 0 juj S^jaiUxi SaJli V ^ l^x>^3 Ijjj^ 1^4^ c^ll^Htn 4jjJaUj CjIjIjjI j-a ^Jjju jjJl 

(Jj-Q L-ljl-^JI lal^J ^ 4 J ^iJI ^ 2 ^Lj L-ljl-^JI IJA (Jl ^H.l j^AJ . jj^LJIj jjj aOIQU 

. cj!j£JI 4jI^ 4j/v>y I 2 _^.J)-JI 4_Ajli ^ S^ 2 kj-JI 
4Jl^ ^3 4 _ijjjJI 4JtJI aIa^JjujI ^3 (J^LouJI (^uaJtJ jjA^Jjuj 4 _ijjjJ! (Jj^ll 0 uaAJ j)A L_3>Lla]| ^ • 

^jIxj 33 aI^juuJI 63Aj . 4"tA^vjJ j>i V 3 j (j^jlaoy I ^Uaja-sa-JI ^Ac. AajC-I ^jl jj3^_bujj c ^jJal^-JI 

















^9 (jjLdlxll ^aJax<d C ^ A.jjjl'S'iVl Cjl_aJJaj-sa-d]| ^JjA (j! CjAa*^ ^gAi£J . (jiaxJ (JxaIL l^ld 

l-AAj ( ^HaA^a-dll 4 _ijjxJI V LdJj J ^(j^LlaAJ (JLa-xJI 

£-Ca]j-d]| (j-a ^)JJ^ ^ jWVI ^ U^UtOx^I 4_ijjxJI C ^AVnul i 4 j c^jjAc-Vl i < 

^jjjail Ldl c (_)iaxj ^9 4 xt'vjj (jjAjj — Jafi9 4_ijjlaAVl 4xl]l_J ^\l-»x ^a\\ C_LdjA]j^ t 

^9 ^)Jxx-a ^jjj j-dlA (J-oaj Luj^ Al^Udll &AA ClaJlc^j .^}aJ £ju2aj-d ^9 4**i<d j vjj 4 jV _jl c ^HaA^a-dll 
(J^qjujj V ^jjjj^IaII lAA (jl 4-laj^^ .4 <o j njj (jjA l^ldAaAjujI ^gA]| 4_nia*V1 Cjla-Uaj^aAll L_jlA£JI 4 jL^A 

Ldl 4 ^-yjj (jjA IjljaJ CjaIIAjuJ ^Al! CjIaKI) JaA9 (J-dll 4 A£]j t cjlA^ll AjjjlalVI CjIaKI) (_]£ 

.((Jjjj-oIaIL IflxjJal ^aAA CjlAilU l$A-dagj ^gAl! CjIaKI) 
^1 £ 2 kJJ CHa ^9 L_JJjoJI^ C (JjIj V 9 I 4j\ji..»J?~\j £aJj-dll £jlaj ^ *^\)1 L_jlA£JI I.AA *1 ^ 

6 4ijU! ^g-A^ ^A ld£ cj!a£JI AjI^A Axa~\a ^aJ^dll 4 j 1A^ ^gAc. C_LdJ>c. A9 4 j!aJ! Aid C_A^ ^Al 
t 4jj^a> J£ £^Jj-d]| £-Caj LS^ <> . Ax^J^dll £.IjjI SAjLujV^ (J^um (j-d CjUaa*>Ld i** O'vj 
c-jtSlli 6 ^dV 1 lAA ciljlAAl CjIA A9 Cj9 j\\ <jl V| £>Ld^]j^ SAjLojVI £>V|A ^)laj 4g- 2 k^j ^c.lAA9l ^aC.j^ 
^gic. ^9|^-d]|j ^a.]j-d]| CjHd ^ (j| Cj]jjaic> ^gAI l^JvLl l **IXyjj l Cjj^lai 5Ac. 4 AjIj£j ^aIAC.) (_ 3 jHjuoI 

4_uLuA! cAA l " A1^* qj Cjljj^aJI ^jAajtJU ^j-aLlJI ^2^dll j^AjV Cj9^1I CjIA t_fljujyUj 4 CjjjAjVI 4^juA 

.Sjjj^ 4_ajAj l^ld CjAaIoj) ^gAll >1x9 2_a.jj-d]| ^aI (Jj-<A cjlA^ll 4 jI^A ^A ( xa.jj-dll CjjIS (jlj i 4jA1j 
1 I^AiaAI l_j 1A£JI lAA ^9 l^-AI (_3jAaA]| ^Aj Cjlc^jJs^d CllAA (jl ^jlaxill ( ijjl.1 

CjV^a-d ^jc. c & nh (_^l 4 j9 A^jj Vj 4_ij^£j| (Jj^aAll CjUaa^d (JjIjjj CLiIIj]! c_jLAI ^jlA (JUxAl (Jjjjoj ^gic. 
4jLdaJI ^aJaj ^jC- CjjAaJI ^j-d jAA*j l_jIj£JI ^jl Ld^ 4 CjUaa>AI fiAA u^iC ^A ^All 4 jjj^£JI (_£^a]I 
^gAll AAjLuAI l_a£JI ^ ijxllaj JjaI! JaA9 l_j1a£JI ^gi (js^8\W Iaa i£j±u* ^j-d ^j! ^gAiAj .4_ij^£j| 
L_jlA^ i 4^£ll 4jLdaJ) ^aJaj CjlA^j 1 Ajj^£J) ^All CJ^j^a ^gi S- 5 ^) ^15^ Aid I^Ajj£ 

6 Aj uVpul vL^aAld LK Aj3 . (Aj CjLdJ-dJL-aAlij CjLu^jAII ^gi jaw^dll 

.cjlA^ll LIAj ^gA Jl CjjjAI ( x_ilall '■j i 4j1A^11 ~\^\\ ^ ks-is\a UIa^ 

^aAc. 4 4aj^£ 1( AjLdaJ) ^aJaj l ^gjlA^ (jl Aa»l ^gAll AjLdaJ) aJal ^Ixjj Ldj9 ]jAc. ^jAaxjll Aa»l C_A^ (jlj 
AjLdaJI l_j\a 5 ^j-d AJaxa 4_1joA l_jA£Luj ^dC. ^gi ^gJA Jll ^La 6 CjlALCaVI ^jAaxil ^IAj^j 4 ^jAj 
^jjoi ^gA ( xjuojAU >1x9 IA^jj ; 4jj£I l_j!A^ (Jjl 4il 4_j^aLl 1 4j 9 4_ajl <j-d ]jJJ^ ^cJIxj 6 

. CjIc jjJaj^dll ^jlaxj 


cAA i^ja l x AaxJ AaA AA9 4 Ax Aloud ^)JC. IaAj i Aj^adl jl 4jj>LdVi ^.UalVi ^jAaxj AaA LCajI LdJj l 4_la^-Ld 
.^iKj j! 4j_^aAll jl AjjXdVI Cjljjj^ajAll ^a-Ld ^gi Ia^V l^x^daA (j^AJ ^gAli^ 6 f-tU^Nf 1 




4 &\ (Jjjujj d H Wj l_jIj£J) 1d-vlj 


< ^ ^ >) t <fy\sz &s^ :(J/$ (f $\ ^ ^) tsh ty) (_y^* )fy 

fst >Aj /) 

(jj£j 4 HoLlU ^_juj1 ^Jj t 4^J lfi3 j L_jti£JI di\x^ Sak 4£jI _uJl 4jvlill L5 _nS' jj^c. C5^i 

^3 Ajj^fUl ^_ uoAi^-qj L_J>Ua ^jLajI 33c. ^)_iSI 4 j ^iiTn Laic^j 4 4jjL^. 43J_ 

Cjj3^. ^3 4j>Ij11 ^jLx.^21 l_jIjSJI l3A (J>L^ i^JA ^Aadj ^jl 4)^1 (Jl_uol 

• 4 lie 4^\ ^_ix-sa 4^1 (_j^jujj 


^ivLia. jj j)x>^. x> ! 

• 2016 
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4 4_x^al2l ajjjj^lll ^JLuoj 42a3l_La JlC-j-a ^ic. C_i2 1992 ^alc- 

loiSj Calgary a^Uj ^jJ c^j <, Digital Protection ^Lwijll iitijSI JU-. ^ 

.Om Prakash MALIK jjjSJI ^jtaJ <_alpl ci 


iS\j 0^9 c aJ l ^3 aI^JlJI 4 ^jj aJl g.1 .Atill ^_lc. ^£Lijl lZj3j}\ iJ]j 4jt-d 1 " * ■33j 

.Saskatoon itiJyi Mohindar S. Sachdev j^JjjJI J jl < J LjI^> cJIL j^£JI 

^3 ^3 —^Jj p3j jtiujVI Iaa jjl ‘ °"'"^J IEEE -I) ■_il ) ^jIjj (jl ^ ^luVI IJ& i V 

CjjIj S-lJ 5) $3 Ajla - ' j 33 Jj c-1 1 133) <Jj3 3Lli£j c Digital Protection -11 (Jli-o 

03A ^3 4jla 6 5) 9—11 03A ^ ^LuVl _>j=U~JI ja (jl£ j i Digital Protection Jl Jlc. ^ 3j3aJI 

^jjuo3jj2I i Aj-aS^I (JW-^ S2LuiVI £-21 j-a l-^lj cjVt jL-^a (^21 <>.21 6.1 i2j 1 Sjj2l 

Lo^j^LujIj Sj ^ 21 Cjj^j . ^Ai^ll j*a Ija jjjj^..i21 s2LaiVI) 4 Tarlochan Sidhu 

Two ^)^_joiV jjaii2l j^f21 Sashdev ^jjuasj^jll IEEE 21 |jL2 l^iia> 4 1 ^2 c. 

4 j^l l^A li$i 2^21 ^ J lwu« ja jji j ji!j t Digital Protection J! 2W-* ^ Tutorials 

. 21La j ^jLl 12 ^ic. u' ^ xti j ^2 o^ 1 j 

iJluojll ^'jjJa^-a 4 -Ia^I ^3 Ijuj ^j\ IxSjjlq Cu^j 4 42jujV^ I-Iij] ( 21 Lq jjj ^21 6 4_joi3l_l2l 

i aJUjIL a! 4ivlc« V 4 _ia 3^]| 4jts^]| ^^3 Laic. Vjjjoi 6 cJjj^ 2^ 4 j c** u>> jA 3 c vLLa 

4 ^^J) ,j221jj 4 Digital Protection is a Digital Filter. Explain : yt> jl^ 

V jj^. Lb2 4_A12I 4 Li^v 4 jl^ ^ Iil2 ^^3 C_AflS 4 ^jI^} f4i 6 2-9^^ 213^^ ILa j-a 

cjiyi ji ^aJjoi2l jiaJ 2 Ju l < P jaJ ^5 ^Jj^aJ-2I 2>^ c" n^ll ^ J9 JU9 4 fl\j3 2)3^1 4 jI^I ^A^.1 ^ 

^glc. C_L 20 iA\<i\ (JjAj 4j Uwlil ^aJ CjlujLa 2j3l ^ S^a 2^ ^ 2rt^!i ‘ L " ^~ A 4 lv\ll jSLlj 4 ^aic. 

g ^a>l£il 4_^j 4 4-aljj-aJ <21La ^ 2^4 jo 3 4 (> _ 5 Ac. l^jJalj 21 jjjVI l-^Jj 4 (_£^»l 5j-a 4_x-ajj ij 2)3^^ 

. Mohendar, that is enough Ua^ ^ Sashdev 


jjJu L_illaj 4 4jji3llall 4 jIAj ^ UljLa jpJj LaLaJ 2sl V C5 H^ 6 Ju2j jc. ^1^2 2^J 21 La j^ 221i 

^jJaj-a 4_1 j_ujI ^Lujj Ia2 ^^ILujI jjC. 4 j3]j! 1^I 2^ ^ SaShdeV j g jua3 g )2I jl^5 ^ S^J^. 4-^-^ ^1 2)321 










(_£jill <joiAiA ; £j| jll c-jL&II 


L_l]Ua 4_xiLal j^jl <.—a^)£- (JjVI (JjjjaJ! (jf~ ^UJ L>° * *Lal*JI $JJ ^11 ^JjjoiVI Sjjajllxi 4JLa^)]| 

.*ULj^}]| 4_ila (_^HI JjAxull I^J (Jj^ 


LjUiii \±i\ i3uj 

ukjfi2 c <jjj-aVL (jl^ (^ill j&j (> AS&ol l.^)jila <iULa ±xj JL1I ^ajJI ^ 

.C_9jC>l V (J^AJ (jl (_)^-^J I^Lal fiLix-a La (Jiiij 4 (JjVI (JljjaJI ^Ac* *LA^ ^J^LuJ ^1 c> (^jJljLu 4_J 

6 ^aAc'l V (Jlij S^jaiC. (j£- CjL^li 4JLaixi ^jjJvlj ^jc. (Jjjoa 4^1 4 _a^j (J^l <^La ^aLaV 1 j 

.^Lu V (j^l L)^ <— ^La ^ 4 ^ l£ • *Ljj (_^9 (Jl^3 ? t^HLoiV c£L]| (j^^l (jjjLlll (Jjsl I^Lqj : (JjLoJI a ! (JIas 


V La Vjj^ B^Jal^-all ^9 ^j]LaU L_llUn] (Jj9) (jl ' V L>fl^ 1^9 j ^j-a dl^Jjuaj^ c ILa 
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&$3CA>j 
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z^gyt &iui jjji 



(jjVi 4 _jLAi 



QA Energy Conversion isiUl ^ ^ isUJI j! aJjj aA^ 

(3^^ V 9 L 5 ^ ^ AiUalli ( ^aA*AI 3 -0 6 £_gJoiV <3° 4-ii^^ 4iUa AiljJ (j-o (JLa-J v^3 6 

S^Ua ^Liujl Axj LqJjujV 4 L_jLa]| Ia& 4_jIAj 4_jj^jjJa A-xiAiLd £AA>j .4iUa]| c-Iaj llixi c^llA ^Ac. (j^ai Ld^ ^aAc. 
.4_ij^£j| 4iiUa]| Ailjdl 4 _iaAj 3>ia ^jAj 1 ^ a)\* x>j 4 i- h"\ ks-i\\ 4x»Al_aAI Cjlil ATi^V jj 4 _iaA^I CjIc-IjUV I 

3J^aj-dll CjlaUall (j£^aJ AiiUa V} 4-ii^^ AiiUa ^Ac- (Jjj-saaJI (j^AJ V 4j| Ua A^jp 3 ^ (j-d9 


<yUaJI jjLd* fQAl 


S^j^lAI AjilAall ^plx-axi 


Iaiac, c_u9a cjUJjj^ j cjtjUj 3 ^ A_pAI cjUjI£J! LliL 3 ^ : Fossil Fuel (^jjaA)!\ Ajii^]! —1 

J! Ixua 4 lla. jJa Cjla^jA ^^Aj C-bJajJU ^ 4 AAj^Aa 3 J*' 1 n Aid (j^ 3 ^ 

4ijUn]l ls A (Jjj^auaJA dllA Aaj JlA jill Cjl ^<a ^9 A&j^. ^aJJ (_£^Aa>) Jj9j ^Aj l^Aii^al j l_^_i9 S-iLd 

4 (j£^aiaJI ^ajAl I (j£^Aa>Vl Aj9_^l LS^ ^a! (j-d .4-1^)^ A^Ua ^1 l&a*V (Jj)VTnn ^Hl! 4_jj|^aJI 

. ^anjlall jllljj 4 JaAill^ 



CjUjI^ 3^ (> —^Aa>V I3 ^ CjLj^A a>V I 3^ k L, J 4 lV Ldj ^jojVI Ia^j 

4-^.j^Jjgil ^alJ jAa». Cjjjjl Jl £■ 4 jV jl 4 ( ^jAajVI (A^ 3 ^ C5^ C_u9Jj 3j Ut1 ^ Aid CjjLd 

•AH 3 ^' lA 3 ^ l> 


Cjjjj-d . 4 j-djlll UjUa. ^£.9 A_^AHaixAI A^Uall (J-d^-xi 3^ %90 4^1 uni U ^j 5^11 J^AJ 

(JaiII C^_juo 4j|j 4 A_Alc« AiiUa 4.9^\h^j 4jl 4 4^Uall 1 a jjAna^d 4_la dllaca. ^Ull Jj9^1I 

I 4 J ^lll Cy* As\"\\/\ LS^“ Ujlixu^jjll 4laJlxxi ^aJJ LdAlC- j 4 J 

. SAA*ld Cjld bVu J 


2 



















4-ijj^S]! j21 4 joiaIa ; ^2 jll l_Aj£]1 


4jj21 J)\ .aA ^1 (^Aj^ 4 -jIauiVI 3^1 £y* 4AI V} CjI Hn^llj Ajj^l fiAA (J^ (j-0 ^C^llj 3 

CjljliJI (Jxflj s.l_^21 <2 j^Ij 3 6 ( c£)|pJI (JjjI n^vVl ^ S^Ua ju)$ )a ^1 CjaI ^21 l_sIjjujV1 ^a! 3-a 3^9 6 

. 493a. 3C. 4aAl_21 SjA 2»A<21 aIj-21 3 Sjl_jJa]l 

3 -a M^jVutix^l 42Ua]l^ £• Lj^I 4iUa^ 4 jjulajuo]| 42Ua]l (Jj-q l R6fl6W3bl6 EnGTQY SAAVi< 21 C_ll2Ua]l — 2 

. Ujjcj 4 Biomass 4^21 4AUa]]3 Geothermal <j^jVl lM* 


Renewable Energy 


C^> 


;.* 

* iS 

Hyrtajpover Energy 


.Asia 



. . iU *w 

Energy 


KtotfF/w$y >/ 


3 JJXJ ^21 3 A ^*.V W~ 21 3 ] 3 AI t«o2l aAA ^aJax a i^j^\ 3 ) (JjAJ 3 I j 

^^9 ^a^aJJ 4 2 i» t >2 ££ 3 -$ 2 axjJa 3 -a (_£^juj V ^'Lj^li 4 ^iajVl ^ 2 ajoi ^Ic. Cjl 2 l 2 a]l (_)£J 

^aJJ Cj1jL21 (jltrod-ij ( 3 I 39 I C 5 ^ 4-jja^ 4_3jja. 4212a ^A BiOmaSS 21^ 4 S^a, 3 A Ja^iuJaSI aAA 

^l^Vl 42Uaj 4 33^21^ Ax21 (J2 g Cjl2l3a]l ( *-^ cs^ (3^3 6 a 2j2 4_jj|^ 4213a ( ^Ac. Jjj^aaAS 

dlxjJaj ^21 42Ua]l (Jj^aj^ 4 CjU21 ^1 4lx-al A 3 XJ U^A L<^ (jJ^AaVl *^ 3 ^^ (jl L<^ . ^21 (jiajVl (jJaLl 4213a 3 
. 421221 jAj^a-c 3 JJ S^joilxa 3 JC. 3 I S^joiIj-o 49vlc. <2Ua L21a .W*na ^aJ 3 -Gj 4 ^jjixuj2! ^A CjU21 ^ 


. ^jjaxuj21j 1^3 49> Lc- V 6.1^3 4 4^35-21 AiUall (J2q $AW^q ^jl 42jLu2I 5Ac. 121 (jc. AjjjJ Iajj : 4 _ 135-21 42Ua] I — 3 


^yaLUll ^s 

Jl ^lAajjuj ^4 _ij^)^]| 421221 a2jj 4j^alaj^ 421221 ^aic. ^2 CiaUlli 4 ^i^Jl (J^ ^al 3 A 421221 ^aic. (jl 
4A^a>La 4_2 a1jj Cj12>Ic. Al ^alxJl lAA 3 I c" \ uj ^21 ^1121 JS221 ^3 LajJalj 3 AJJ 4c-jJlg ^a 3 !^- 4joj1jA 

(32]1 (J 3 VI oLujVl 6 42Ua]l 3 ^ ^ ^JLj 4 °jl411 ^.Aj ALq ^jljaijV12 4 ^2aLa 12 Aj .^ixJl 3-0 AjAxJI 
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(jjVi c—iUli 



(jl£a i 4iUal! .iJjj] S^VUtig S-lpaJ! ^jlll Uj,hll Jj^a*j) (jludjl J! ( jUll 

. CjliUa]! (j-a S^IaLujVI ^llaxJj j ^'I^JjojI (JaJ (Ja S^JJ^ ^ ^Ic. cjjou] 4iUa]| 



<uUaJI guLy 

.4jjUa]| (jjjljii CjI^j J! Ua ^)Jjaij j! t'Njq 4iUall (Jj^j CjUIaC- ^ja 4_i1aC> 4iUa]| .111 jj (j! Iaj 

. .J0U16 (J^aJI S-la^J ^jjjIaj j)\ 1ajaC. 4iUaIli 

4iUalI AJU ls A2 

:^4jl]da-o Cj^Vn ^j£jJ 4iUall jj ^a jj^a 4iUa]| ^jc. jjjjmII (j^AJ 

PE = mass x gravity acceleration x height :Potential Energy, ^jjajll islL # 

KE = 0-5 mass x velocity 2 :Kinetic Energy, 4£pJ1 Ailkj * 

^jc- S^Ijc- 3^5 6 ^<aUa]| ^ja ^Aj • Work, • 

.Work = Force x distance <, 4 _u*a 4iU ^ 


. (JxjuoII & o\"^ a j^j^aj 4 j£uI^I 4iUal] j^-a Cj>Ij (Jjaj . (Ji^aJI 5-l^jJ 1 ^ 
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: a^.Ij j^Lo Iajjs 4 iLaixi] Ixuu^v ^iAj (j^ *^[5 lAjAii S^a 4 _ 1 ajj ^aSI Work (JjuaAl 4 . 1 ^ ^jc. ^a*j (J^Jij 

Work = Mechanical Energy (J) = Force (N) x Distance (mt) =Joules 

a^ 1\ Wol\ 4 JU 

POWer SjA3 a! iS^ 4iUal) (Jl<u ( (J^JI) SA^I) (jli 

I Cj|j wij ^Lojj 


Electrical Energy = Power (watt) x time (sec) = Volt x Amp x Sec = Joules 


kWatt - Hour (Jxa cJa^j ^aVu^ ^jl LaIA 4 AUa]| (_y^ A lju>> Aj^ (J!Lqj SA^^ll aAA (jl ci_u^j 


1 (kWH) = 1000 X 60 X 60 = 36x10 5 Joule 
1 W.H = 3600 Joule 


1 Iij 1 xiaJ) (JaIsu (J• aJzj,j^L 

.diljS 1 &jIaAa ^-v (Jj3 Aic. 1 IAjIaLq AA^-joj ^ t u ^All AAUoII • 

4_Atj 1 SJU C_ll j3 1 6jA 3 ^^ (3^ (jJJ ^11 -J 1 ^)Ijj 4_-oj>UI 4AUa]| • 


( aJjjII CjUa^G ^ U£ Ij^nKj^ c dAjjUaJI <^A L£ bfluj< 33^ 4_ij^£j| 4 iUall 

.4iUa VI V 4iUa]| (j! ^Ac. Aj^IaII Ua ^aII^ . 4 jjoiajoJI LvL^Al ^^A IjJjjJa 
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(jjVi c_jIj]i ^j^* 

Woi\ 4iu ^ U 

(j£^J SJ^^J ^jjjIaj (J}jA^S)£\ ^Uajll c 5 ^-j) Calorie ^g-xu.uJ SJ^^J L_lllxll ^ (jjUij 4 iiUa]| (jli 

j^I^ 4 ^ Sjb^ ^-^jJ £-^>1 Q ^LoiJl 4 iUa]| (JIaj cJ>^l 5 6 ( British Th 6 rm 3 l Unit, BTU 

. Sj^jj 4 j ^1 a 4 ^jJ 


Amount of Heat = Q = ra(/tg) x c(Specific Heat const ) x A7(°C) 

’ L5^ (JJJ 4i&l*Jlj 


1 Calorie = 4.18 Joule 


: tg \c> ^>j*j (jl (j^AJ S^aJI Cjl_2kjJ ^jlj \a\c- 

. 4_i jIaII s^pJ) 4 -^jj JjVI • 

(Absolute Temperature) < K 0 o*£ J 4ilkJ! sjj^l\ 4^1 3i_ylall • 

.4j^ja]| 4_2>jj]| 273 4iLjalj 4 

^>j*j 4j]\J]( 4Jj1jla][9 4 LqIjl^jjuoI jj^VI) CjjI^j^j^Ij ^jjjIjJ 4j]liiH 4Aj^U|i • 


. CjjI^J^9 4j yiA 4_s*jJ (Jjj'vMl Ajiijh (jp* 


F = 32+ 1.8 times °C 


<yy>b5JI yaUaAo ^auudy 


Jajj (_]^^ ^pk.1 6 r' Aj]jj CjUa^a 4-JjJ ■ 1 l_jIJI c/^JI 

6 4jJulflj CjI I ^Jl Jj]jj]I CjLLx^q i_ flj \ ks-C\ (jf^\ Lo^aC-j . 1 ^ >»*jj CjILls^I aJA 

. ft VK"J 4iUo]| CjUn^aj 


Thermal Power Stations o 
Gas Turbine & Combined cycle o 
Diesel Power Stations o 
Nuclear Power Stations o 
Hydroelectric Power stations o 


: Aj.uISMI LjUa^a p ljj| j$A\ (jaj 

4jjL^j]| Jj]jj]| CjUa^a 4- 
4j^a1I 5j9 JlS^ 9 4jjl*JI CjUa^-All 4^- 
(Jjjj]| Jj]jj CjUa^a 4- 

4j gjj]) Jj]jjII CjUoj^ 4- 
4jjLo1I Jj]jj]| CjUa^a 4- 
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SUVUtij L~s\U^ A J 4 A\ £>aj 


Wind Power stations 
Solar Power stations 
Tidal Power stations 
Geothermal Power Stations 
Biomass Power Stations 
Wave Power stations 
Ocean Thermal Energy 
Conversion 
Fuel Cells Power Plants 


GjLLx^q -I- 

4_LuiAjud]l 4iUa]| dlUa^a 4 J- 
.lall CjLLl^q -J- 

(jiajVI ^jAaL 4^Ua CjUa^a ’ 5 J- 

A^Uoll CjUa^-a 4 J- 

dlUa^a -ij- 
Lij*\ a\\ 4^Ua '4- 

^ L>Lk CjUa^a 


yUl I JA J$*ai 


*A1 ^ic. ^)_UjjJ lJJI IL& cJj k ^ 

Lxa Ju] jj]| CjI^j %> (Jj4 S.l2w^a]| 4 j>&ja]| a<u-\l (^yajxJ ! (JjVI (Jx• 

~ 4_jjlx!) — CjUo^oII : ^lull i^^sW # 

La y&£- JlAjjII C-lUa^aJ ^joiaII ^Juu^aflj ^Jjoi \ lLiUjII # 

CjI a\\ l £j|^l • 

4ajLo]l CjUa^all l (jjj-aL^JI • 

^jJaL 4iUa — 4jjauul]|j 4 _j.1i1aj ^jxII 4iUa]| ^Ac- S-lxuxxAl C_lUa^a]| ^uaxJ I ^jjj^LoJI (Jj^oaII • 

. (^Ljll 4iUa CjUa^aj 4 .lal) — (jjajVI 

. l^jLuojl ^)Ixjuo|j 4 Ailjjll Cj\ a CjLjL^js! j^jc. 4joijj^ 1 (JjVI l_jL1I jj^A-a # 
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j21 ; ^j! c_AjS]1 
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o^$ll <yy>fc5J| aUiJI 1.1 


A*J 4 ^_aA AiSj 4 1882 IS^aL ^ ^2l*J! S-L^Sl! Aj]j2 4 (Jj! pJjalAj! (JjjLaJJ Lal2 

jAj . j-ojjaixi jLp a2 jj ^ 4 4_Lili sajac. CjV^l^a 

LJ^^i J ^ iSl^ (_)2da! ^2 U * I S^Uxll L--1^.1-x^a 

• 4_LujIb Ajjjpa l o V | ^Ll^l 

Cj!2j-a (J^joi ^Ac- s-L^Sl! l^lLkA 4 jj^}£. a !ja (Jjl caISj 

cg^A^J! a^c. ^ 1863 ^ ( a2jj cjlkr^ (JjjJj) <JpA 

. (jpj!^V! (J>L±a*V! p-p 1895 C_ulS 4 _ia j^C- 4 _ij^S a2jj 4 L>-\ a (Jjl pSl 4 (Jjc^UujoI 

Sc-Lja-a a!a*_j CajISj 4 1 *>ij! (j£plaJV! (J>Lia*V! SpB (J>La* 1917 (.j-a e-Lj^Sl! 4— &jc. 4 4_ijjjl1! (Jj 2! La! 

. CjLujPi*J! (_)j!p (JjjAl! Cj!2 ^a pAaAjujL Cj! Aj AAB AjA^xjoJ! La! 4 1928 ^3 (J-alSJL 

CjIaI ja ^A^Jjojj CjjpjaJ C.UIS (j! Axj ^\ 934 ^Ic- ^ CujSl! ^ Aaa j-aC- 4 aj^S 4Sjjoi pxuio ^.L^Sl! c~u^VunIj 

4^1 A^^ plS^ 4 ^cJjjaJ! 4jllaxaj a2jj 4 Li's x\ (Jj! s-LuA! ^aJ ^1951 ^lc« ^ 4 SAj.W<a CjIPa^Ajoj! (Jjj2! 

4_lp 4S±Ji l$I±a.Lua-a ji-ua ^Cj C_UjSJL pLM ^ U^il ^^-Lap! jpa2! 4 C2jB ( 1 1000) V ! g 4_iJ^S]! 

.400 kV J! Jj^aJ A^-auj Cj!j!-sj-s 13 jjLaAj S;AflJ 



4 jt/i/i ^ CAlS 4x-pJ-aJ SAA*Ha a2jj Cj!a^.jj AJ)^>!! (pa 4flLi'S < a Cj\jJ1aaa ^jJaJ SA^j^q 4j_^}£. 4jj^S 4 S j kl\ pjij 
a2jj pc. 4 JjjjaiJ! Cj1jj^J!j CjI^aJ! (pa ajAxJ! <a11aa 1964 ^a 4_ij^Sj! 4AUal! $j !j^ ^Lij! ppa 

AO p!^ ^)^V! 2!j 4 DO 2! ^^2! (pa ^jjp2! (JL^a ^a 4 -aa^jjuiaI! Cj]jIj 2! ^*!p! (_paxj c_ul^ .^L^£j! 

aajj ^ >.V1 ^ (40Hz) aajj cUu ^ia ^^4' d 3 • (3~phase ) j (1-phase) 4 jcpb 

•220V A^^J! plS (j£^! (pialLa 4 (110 V) 4 jjAjSjojV! (J2a plallxJ! (J^a*J ^ £ J j_p l! A^ pl ^9 • (50Hz) 

^aJJ pi (j>i*2! ! ^ jJaau j-a CjISjjuJ! ^J^a^v %) Igjl^aLl sA^^all c-lj^£]l A ■" «.Lij| (Jji JuV (jl^ ^JIj]Ijj 
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(SJa-jJI JjVt J—ii! - JjVl <_jUI 

j Aj^jj CIIa^j c 4 oh A21 ^b^£]| A2p CjUo^q pa ^pb pill -v\'j CjlAp2l ^UjjY’ij Aj^p 

pa 4_2 j2I a2j2I CjIjAB C \* h i~ n«v 4 4jAjaj2I 4^h 2I pfc JajujpM (Jp2l ^p SAa^<a 4_ijp^ 4 ^jjoi ^)j£l (jli c (jVjj 

(Jp2l (> p 4_ijp^]| 4iUa2 pika p^l 4 jA jjuaJI Axj <A11ajj 4 2014 4jlpj Cjjp'sjxt 65506 4 jAjajoJI s-bp£JI 
p<a p£l 4^1 a 2I ^bil (J^joijj c 4£pika AjBj £-jpb Aj] p 4 ^xi 50 pa p£l 4 jAj*j 2I dlkoj) Lapp) (JUujjj JojujjV 1 

. (4 * Ap x> 4 jj^)£, 4JjA 18 ^bil p<a %25 

l^j 4Ap2l Sja2I JIa^. 1 jpj clip* t SA^j2I 4^JjuJL Aj]jjI! CjIjAB 2n% p<a 4pt2! 4_ip2l ^p j^x> pjb Umj 

400 t 500) 4flh^x>') aj^- 21 Cjbjjjaixi ^glc. 4iU2) ^jjpj l&j ^bib 6 (2016) cjjjL^j-o 36000 

4jjlc. i 4_jj1^j) 4^jjaJb 4flh^ < o'i a 2pJI cjUa^o p* (c2p 2 11 t 22 6 33 6 66 6 132 t 220 ^ 
Jj2) 4pj p l_jjjj 2) ^gic- pjpJlj CjjjbaV! Ax_j pjbj .(4 jjoiajoi 6 ^-bj 4 42 La 4 4_i£j>a 6 

.4_ij^JI 

2ua ^\\ ilA^ijuA\ 2uu&Jb\ 1.1.1 



Cj!2j 2I ^ Jxa~v C n^J c ^pic. ^ ^ (Jaj 4^ijudJ Ljl>q 4JjA (J^ (JklA Appll CjUa^»xa Jajj pJ (JjA (J^ <p 

vbxa (Jpj baAk. >bxa j>/i<i ^p Ciili ^Jblbj c 42 jj 2I aAA (JjoAJ p<a Akb (JLak^l j 6 5A^.|j 4 ^jAu ^p c > u^i 

^b^£j| 6 Uak Ia^ 3 4_la^2l 6.4A (_f \xtfi (AbV 4^<ua2l bf^ <pb pkj ^_p ^b^£il ^jl 

. 5A^j- 2I a<u-\i Aikb 


jli ( 4 n» x> 4 AjAa ^jc- 4jpjaiA 4 (J^ dul^ pB ; L*_*> Ailj2l CjUa^o % ^^p L-lpjoaVi ^AA (j-o ^jAaij cJlApjj 

JaJj JU. ^p Umj t 4 _Aa 2I fi-A ^p (_pl^lb 4 _ij^£ 1I 4ili2) AAB ^P*J l_11juj 4_^AaJI 4 ^\1 ^AA ^jps». 

4pj ^^p A^aw^Ji! yjj bl1 4 l jjj a ^^p (j^AJ A2 jj SAa^ ^jli 4 Ijl-q CjI lv\ x>ll 

-4<n-\l 1 41^121 CjILl^2I 


^pblbj 6 A *\j 1 “ 2^ ^p 4-£jA\ 4jliljn-vNf 1 5 ja 2I J2flj ^p lx-o 4_uj^^ CjI^jjA SAc. Jajp 4 _lujLujV^ SAjIaII (JjAjjj 

CjI^JjuJI ^p 4 jaLxuC-V |_5 (jboV I 4_a^jAj ^jjjLolaII (jjA 6 L-2121 4 _u12 SAjA^. CjUo^q ^b2 n ^21 CjljbbjjujV 1 (papkj 

Jajjll cJa^jj 4 U^V 4.^ cjAa^Aaj ^2! spinning reserve c> J 2 ^' Jajjll ^aJjj .A-ku^J) 

4_jaL^3jsVI 4_i^.bll A)>q Jjpj c 4 _UjjLi 2I i^-21 ^p a2j2I CjI kxi 4 -^IbI (pa SaIaAjuoVI < P| IjJajI 

. 4_laJLp2l (Jj2l ^A^.1 ^^p p^k2l <- > p pAj^a2l L. lx >.0 (jiajli Apj pj2 >bxi 4_aAi3 


b^p SAjAaJI a2j 2I Cjlk^a ^ ^ (ji 4_k^vL2b jjAaJli 6 4 j_i2I Cj pj (pa (J242I bAaj) Jajpl l <> ^ <j 

. Cj pj (jjA Ajjj (^21 (_p*2 (_p (_jj2j ^)j 42! b jj j) (_3po ^_p LoAj (Jb2l (JaJjuj 
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A1AJ.a\\ (^3^\\ (JJlA ^A 1.1-2 



sj . Iaa 4_ij^£il ^jKum Jaj^jj CjUjjjub&^JI ALa (JjA]| 3 -0 Jj,WJsJic- ^15 A23 4 aA^J 

JaJj Jaaj 1952 ^Ic- (3^ I^-Aj L>H3^ JaJj ^ 6 (Jaajui ^ (Alii ^^9 (3utill IgJ 3 ^ L-J^sla]! 

4ja»bLi Sj j j^aJ L-lUall Aac. 4_n9 (JUaC-l (Jxg 4 Ja£9 ^£j|^la]l (jia^C-V <A1 ]Aj . cJ). A] 90 Ag'V 

^£* JaJj Ja^J ^jij)aJij JaJj \j . \ k ~ ^ ^ SA(JLaa»>U 4JiUa]l ^jj3jJ 3 ^ 1 ^* *1AJ CjI^JjoJ! (_£Aa.l 

C-IaIA 4 . L_9.<A1 220 ^ 7 . cs^ JaJ^I 4 _ 5 ^i *1979 ^alc* (_gi L_9. til 220 ^ 7 . 

MW S^jJlflj Jaa. (JvLa. 3^ Al]Aj t . L_fl.Al 4-00 ^ ^ ^Ac. 4 ^ ^ jQ gA 3 ^^ CjI^Jjoi JaJ^J Ljajl 3 ^-AjA]I 

.2009 ^ ^A^t ^ Ja^J) Iaa J^a J5j .900 


^jjala-A (JjA] JaJ^ll 4 ^JjoA ^IxJI Jaiaa^A) 1 — 1 (J^joAI ^_jJajjj 4 Ljajl SAaJj A^Luoj Iaa 3j^/3' ^ Aa\ 1 (JjA Loi 

C_u^£j| ^9 j 4_laa»A JaJj ^JjVl 4_ia^2l ^9 ^aJ <-** Cj>Ij ^Ac. JaJ^I ^ciJjAa A9^ - ^ -^3 A ^ 3j^*-^ 

(J^ 4 ^la3 ^ 4_iJjjaJI 4_ajJl]l A-laa^j 4 3 ^.^ S^juoaJI 4Jaa^oJj 4 4jAjajoJI 4jjjjl1I 4£1aa]I ^AjJalAll 4_laa»AJ 

CjKhm % ^aJ9 4 4_ijlj]| 4 _L^)a]| ^5 LJ .JaJ^I 3 -0 <3^^ Ja^JaaJI (J^jo^ 400 

. j)Wll <3?A9 ^AauAI < 3 ?^^ ^jj 4 4_L^ja 1I .^gjj)Wil <3aJI (J^jaij (_5^^ 6 3^^j cj^A^VI 


c_9>lja.l tilljA 3 ^ 6 50HZ A$A^ 4^JjoAI 3 V 4^JjuJI 3 ^ <3^* C 5 ^ HVDC Ja^Iaa. V 14-laj)*\ 

Back to ^Jajoii^j 1^ Xti s\ ^Ajjalill 4 l~j~\ A ^aJJ 4£ljJL 4jJjXjudll JaJj 3 ! VJ *• A_Jjj 2 4j^*joJI (jjj 

.(U^jjj Ailoui <_$! (jj-^ Back Inverter/Converter sets 



Figure 1-1 4Ky : :. 


11 











































12 




(S^jaSI JjVl J—aiJI - JjVl <_jUI 



4jj a.^i ^Cii*\i (jjj JaJ^I (jdlajuilSj Lm]j Ijjjjojj ^9 JaJj 4 ^Jjui l2La* 

4aJj (. (jjlnmlflj 4 _ajjjoJI (Jj^^j 4L_9.cil 33 (j-o 4jillajuilft]! 4^n~ill 

t 4jjoj\jjai]| L_aj^)]a]| dll La* (Jj-L)* - ^ ^a-jJa (jjajJ&J U^i 6 (jt/xi S^C- (jJJ ^j.Kxi 

. (JjJ 4_ijLxu]| <jjJ JaJ^ll ^al*JI JaJadall (JlLoj 2 — 1 



^.Llijuj ^AatJ 500 kV ^^ ^j|^A Jaa* (J^J^la ^jC> c 1998 <4d (j«^jV9 LlJ^^ JaJJjJ t LAjj^aiG^ 

400/500 > j 6 ^ 750 s_j4iL (J j^^ .la^j Li^ 3 4Jaa»^ (_)^A*^3 ^ LUa jj.iaJI ^Ha* jIajj ^jjjjjjoJI 

^Ac* AjAxSI j^ xl ^ 13*3 (J^AaJ (_£^a»J (JvLa. (j -a 4^Jjul 3 4_Laj^]| ^9 (Jx-aJJ ^aJ 4 kV 

4j>\jj dljli 4 jujI (j-a (JjI£AI I.4AJ 6 400 kV ^ ^ cs - ^* ^-djVl 4 ^h~iUj JaJ^Il 4 hs\ ^1 ^ 850 

JaJ^ll djJaLa ^j-QjJaJJj . ^(JAaC- c > n^n 4_j\jj^a]| ( ^cA^.l] Ph3S6 (_$\ ^c)^a* Aic. ^Vunj ^JaLiiaJ 4-a.laJI 

. LUa j ^jjjjjjoJI (j-o (JfL CjV^a-o CjUaa.^ Ljajl 


. jt/iAi 4laJJj^a (jl (> _A*J l.4Aj 6 (jLilh 4_lajjj-<i Ljjjujj c Ljjjoij Jajjj^a • 4Jaj) < \\x> 


jjj j c 1998 28 ^ j c 220 KV J\z. 1ml z j ‘ ^ -' ^jjj Ljajl JaJ^)]l XiAjj U£ 

jh^y* CjLiLi ^_lc. Lml X-o JaJ^Ll ^j11 jj . 1_i_li] ^9 (3^)jla ^Ja^o ^ j‘ -k ^9 ^Jaa^n 

. 3-1 Jiilt ^ LS^jSl 
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Figure 1-3 iLaiUio Lml ^ Ja^ll 


^\\ dAjjLx 1.1.3 

_!) 4)\aC* I3& Jjflj cilia, ^avUaVI) Bl3CkOLlt _!! CjVI^ Ak* S^iL hn (a^I AjjaiLoiVI 5)^1 

h“ V s^ia.VI 53^1 ciiA <j£] c Sjjill cj5j 4ilkH J^Ijj ^ ^-Lj ^ filial I sjUiJ) Restoration 

J^Lull 4 j\x>c. c^ ^ Aa.1^ C_lSj ^^3 1 ^j2 ScjjaII c~l,h1 V ^Ha. (JjJall Ja^laa. S^C-LlIa 4^jJjola]| C_ul^ 131 VI 

3 1$jaS Vi-Q JLaJI jA La£ ( ^ >^V1 l^£V g*nul (J^flj tljl 1 $jA] 

Lo^ ^jAa-xi (JjAII (JJJ ^a^3 4 j^I*JI c_ 9jjJal! Lai c ^ ^tljyi (jiajli 4 jj^}£« 4_Sj.} ^tijl (_>^^ 

. (jliilj Ijjjjuo j Liiil (^ys ^y^jol Sjj4 x^Iia]| 4^Uall (Ji-^ (_^31l 1 1 (JjAaJI Cy* _jC 


Table 1-1 Jj^ Cyt sj^all 


sSj^lbJI Jsu>JI Ja> 
lS^MI 

l5>i£LfiJl JcujJI Jb> 
ijyjJUl! 

uLuJI 


400 


220 

(dL,±l) FvjJI JLp_> 

uLJ 

Lj9_hj_i> 

LJijUl 

L_hJ 

FvjJI 

82 

220 

1277 

100 

(6pL£>) ticLoJI 4$LhJI 
(u^-9-e) 

- 

2 

26 

64 

(u^-^-s) o^jl^JI ^LWI 


13 

























CjI£^I) JjVl - JjVl ^Ull 


GlA^.1juA\ 1.1.4 

CjI^Jjoi 1^j 2 jj)kn (JjASI ^aiaxx> n wM (JI^joiVI (JjASI (jJaau CjI^JjoI ^oLgj (Jj-qj (JI^joiVI 

*4^1 JIoj 5-1 ls^- 9 6 c_u300kV J! a^jjI I < 3 ^ l&aj 4-1 . ^L^Loj p.L^£j| 

c 4j£jja^\ 5, W" x^l CjLV^II 4^Jjo 1 *Lal*JI JajiaaJI 4 _a3j 6 - 1 (J^joiII 6 4_ilijVl 4 ^JjoJI ^aJ 4 jJjjljoJI 4^hm\1 

- l)j l ^ 3 ^ c5 j ^ J <4113 <4 *j ^ 220 kV j 500 ^^j V—1 (J^joJI 
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Figure 1-4 4^ <.> * 


OL'K 





























































































































































































Figure 1-5 4-^jjjol!j jxjuJI a<^\i 




















jill ; £jl jll 


f3^ u' C . l** x^n~ 1 4 \ju$ A hf\JA SJl^-G CjI^JjoI S-lC- ^J! M-A^lLa l^jl 4jJJJL joiII 4^Jjolll 

■ 4 \l^>o‘^\' CjI^Jjoi]| CAA (jjj JaJj JL2wjJ £_lla]lj qSAj t SJL^Ij £. Wj^n jtidj A^Jj 

4^Jjoi ^}j£l (JvHaj I 3 L -0 ^IAj^ ^ 4^Jjoi ^9 jaJ 4_la£i]| aAAj 

(Jatflllj 4 _jV tillA c l^jJaau ^jc- AJjJpt-o 4 _Jjoi CjI^Jjoi £Jjl (j-a U3^^ ^ In^vyLa c ^ll*JI SA^^a 

• 6 — 1 lMI (> _ 5 i L<^ t 4 jujV1 CjIS^JI (jJJ HVDC JaJj JajAi'V tilU a 


^li^jjujlj (JjjjIj CjKhmII $a& ^jjj Jaj^li ^ HVDC _ll ^IaVhuI ^ l-ujuJ) ^j*Vnn jjLuJ! ^ 

. HVAC 









CjI£^I) JjVl - JjVl ^Ull 



FRCC 


WESTERN 
INTERCONNECTION ✓ 

/ 

/ 

/ 


EASTERN 
INTERCONNECTION 


ERCOT 

INTERCONNECTION 


NERC INTERCONNECTIONS 


QUEBEC 

INTERCONNECTION 



Figure 1 -6 Jala^c 


» (J J kS-ltT\\\ UA 6 J)k^XA ^9 7-1 ^^-3 




















































Figure 1-7 i —“ ^ 220 500 «. j=>. 
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JjVl J—ii! - JjVl <_jUI 

.^IslSI ^.aJl Jajln'V Cj]jLauij j CjUa^-ail Jj-oj 8 — 1 
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i_g :jill 4.., Vi^ ; 

L£ (Ja3 \jla Ixja'V 4_LaJJj-A ^ J)ks~ia ^9 4 34) l$J9 9-3 j 31 CjUaa^ ^J^~v ^ji 4 jjx^x>\I 4^331 ^9 3aa.V 

^ 3Sju 31 ^9 (j9aJj*Jl 9 jjujV 1 3aaJl) 500kV 4_L-aJ-o Allj31 CjUaa^Q (j^ian ^3aJj c V — 1 3^931 

.^(jlauSj (jUaa.) 220kV 9^% 3aj))o4llj ^>a.Vl (j^i» jljj 6 

* 4 1 <Q 

— L_j 1_±331 — <—9(_£-4i (J-^ ^9 66 kV 9^_aj S^jailxa (Jj^aJJ ^31 Allj31 CjUaa-xi ^ja 3^9 99c- ^£^joj .lajJ V 

^ic- (Jj^aJJ ^31 Sjj* i^oll 93j31 CjUaa^a ^ja 19a. 9j.h^a 99c. i3llAj 4 4 _Louu31 CjLojjSII — ^juoj-a — L_9jJjaJI 

4^±Ji ^9 9£aJl ^Uadjl (jjjaia3 ^juAjuoVI t (jjjLa31 — (3j331 — Ja^lLojuj — 1 1 kV 31 4 ^Jjoi 

.jjjjall 

A \ \ *a\>\ b.b*\ 9&\ A^A_wi\\ ^1 -C- < * A \>in q 1.1.5 



4j9j^*\ a\\j 3alxa9 j (_£9jjuoj 4jj1j^31j ^)J9 ^3) (JLoju3I ^ja ^jIj ^jL*a«a ^9 S3^31 4 _ij^ 33 491331 ^3ax ^ 1 

. S3j-31 491331 ^a3ax a\ U^ix> 4 j13oj c 4_xu-al*Jl ^Aj t 5^131 ^)JJXJ Umj ^^31 

(j-a 4 ja*i3I I^jjL Substation cJ^j^a 43aa»^ 3£ c & n^v ^s^a 131 3^19) -331 linj ^a IilgIj (j^ali-31 3 ^ — 2 

>c jjj3lLxi 0^4^ 

CJ_^ia31 C5 J-a9l ^9 43131 C_>Uaa»31 C3 \£ 4j93^]1 4 ln~\ a ^Ijj 91 3^9 t 491331 ^ 1^9 jj£V 1 Ju*_x^31 ^3allxi —3 
t313 ^>lc. 19 j 99j 6 4^Jju31 ^9 Ijjj^ Llic- 3^aJ 13a c Jj3all31 &9A ^9 4^9x31 JUa^ll jJlx^a>31 3^ 

.S9j9a31 3ajJjujl 4 lo^xy ^1 jj91 9xj LqJjoiV i Uj^a* 


CiV^ijuiW ^ ^£k\\ 1.1.6 


13^ 3aJ^ UI 9 I 0 I 3 3aj))n^ll 3 4_^jlj h^$l\ 5^931 ^9 -4A9 c3llA (jl ^x9 j!L31 ^ja (Jjj31 • 3^3jj 33j«y 99 

( 9a31 13a ^)9aJAaa] OUl^l Ljajl cilllA 491331 ^9 9A9 c3Ua ^ju ? 93j31 CjUaa^o 99 j31 

. 9a 31 -_ua3Ljlj (. jli31 ^jjaAaJl 9^aJl 9^ L3^9 (. 3^31 ^9 43j 131 9J)^>11 ^l9aJLail ( xa333 l^-Lo 

9fl31 4 jjo 9 jJLj Umj 6 ^3aA9 2% ) jia9 ^^A Jj31 c3i31 CjL3L^aa.l L-Loa. 491331 9 a31 4jju9 4jj^)£- 4 Jj9 3^3 

%5 3j^ jj9j ^31 3j31 ^)JJ^ ^^9 39*-33 49 j13a l^a. 4 ju2jj^q 4jjo9 ^^Aj 6 % 1 1 ^Jl^a. j>/i<i ^^9 491331 ^^9 

.9-1 3£31> ^ us 


c ^jjj31 CS^2^aj 3aj3aiL ^^9 LqjjojV POW0T LOSSBS 31 3U 4_U9 3^13^ (_^1 9a31 4jjo9 ^IajjI ^^9 c-nju31 
^1 ^l9a. 4 ju?jj-31 l_Lo 31 4Jl_a. ^9 UjjujV) ^2 ^j4 4_Lq ^)j£Vl 4 jjo 31 (jSlj ; CjUaa-31 ^99j Cj19jl31 Ss-U^ ^jjjIj c3]9^j 
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JjVl J—ii! - JjVl ±U\ 

4_ik]| ^jjc- cjiA l-Uxjjjj .^J! 4 y^J CjI^Ia*JI c-Ua^lj Cj\jj|^.uiyJ|j CjlijjaJ! (Jxo 4_ija _jjc. 

. % 40 (J-o Jj£l Jl (j£p.l ^ 4jjoi 3 Jj^aj 
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Source: World Bank Development Indicators, http://data.worldbank.org/indKator. 

Figure 1 -9 Jj^SI *j&\ <^k ^aill 

diAiaaiWi C_A y\*\ 1.1.7 


AjAaJjj 4 ^5ijIaII (J^aAl 4 »jujIjJs (J-qaj Liajj «XVtll jy^Jy^ y_ 3 /L Cua. 4 (J_j^aLall ^ \c. till j 4 as 

_j3 C5 H 2 v 4 ^ w \ \ CjLLl^oII fijlA £._Jajj 4 lift Cj Hawaii JJlC-j JLiljjll Cj|jLa.j JlJlC. 

Hot _1L l_9jxj Lq I i&j 4 LiSaaJ 4 jj.1xj1 0a1_2w 4^JjJi11 Wj Sl_^B J^aJI 4 ; tit 4 No Load lUu ci jl£ 

^ 4 in service lin operation S;^ JIgj 4 _>V 4 Spinning Reserve 

: l^x^t SJjJlC. CjIjjaIa] CjUa^xJI 4uC.jjj JlJlc. ^)lj"<jlj bale. 4 jjJu ^Cj 4_-o.liJI ^3 

^3 4_aj3j (JjI _ mil ^»jj]| C5^ (JL^bM juoj ^_1c« Ib&j 4 ^ajj]| IbA £3 j1a]| 1 

J)£^al (J_j^aJ ^lll jLu-ajVI CjLLj p U iii'^| 4 jI uulj ^ jJaLoll C--Jj 1 nV| ^j]| IjlA (JjoAJ 

. Ij^jj 

Base _1L C-9JXJ Lq 4jJL*Ii] 4 KS-kKS-k^A IajI^ (j4 kWH 0 jjj cj! a\[$ 4 ( a Jjxjaull 4flK < *i — 2 

Lixi jj 4£.Loj 24_SI 4^jjoJLj 4_ajL 4ax^ij 4\x^i**ix>SI (JL^Vl (j-° (^^Vt »iaJI Load 

^ lib^j ^nSI cjUa^ftll Base Load_11 4 _ja*j ^ Lj^jI w‘n,n . 4 jjjA] 1 j 4 jj 1 ^J 1 cjUa^^ll (JLo 4_LaJl 

. 4iUall ^lUjl ^ IjLJJ (Jj^ ia CjS^I 

IajL 6^5 4_xiJLaJl ^ I 4 I4x-j _ jujj 4_9^aiJ 4 jjLJ1j 4jjl*J! CjUa^-xJli 4 4j1_^j_ujVI 4x^j _ua — 3 

Iajjj cjIc-Loj saxJ SjijiSl c_i 3 j 4 -^,^\l ^ull (JLa^Vl ^ 5^3 Peak Load_II 4 jasu 1 
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4-iJj^Al jAl jll 

^-£3 c 4_A«lk.l] ^^3 ^_3>UaVl <> _ 5 ^ c ' _ ujVI 4jjIaJI CjI^^I ^jl 4_la^vL<i £a .JaA3 SA*J 

. 4_Lal^ ^ ]a*J 4jjj3J 30 Jl 15 Ia) t 4 jl 3 Jl JaA3 £■ ti^J 

^4jc,U_x^all (JL^Vl (JLaj 4 j^»Ua (JIa^i (J_^^ 4 >jVi jjaj (_£’ X\*°\ i (JIaaII (Jjj_juj 

Jji — iii Liu (NECC) National Energy Control Center ^UaSl ^£aill ^jSSl jSjJI jla 

UJa _uii Vl$ ‘ (_£)]I Sjlj 9 CjIjjjjjI] Iftjja l^.llo lilli (j| c Yji (^—lljtjl A_uJI^ AjjLJI CjUaa-all 

. AAjjII laAj. *a 4 £^luI 4_lJ)liJ1 <" ^ ]aa .all 

AiuiUJI cjIas-jII jja=u <_$I Unit Commitment_SL L i_ilma. ^ (jjJjujLajI (jjAjLalll (jAa^AI^ 

Optimization Techniques_SL ^Jyu U Jl !A s^la 4 Aac, < U JaA 

Ia LAj AjaII ^Ac. (^^L^aJ3Vi (Ja^JI \ t v w “L) . 4AjuAIj 4a1l1^»a]| i‘* tI. Wj\' 3 j*^ ^jlVct jJ yd 

. Economic Load Dispatch J! cjLLo^j c_aj*j 
Power Loss J) 4 ja£ ^ jSjjja lSL^VI <ja AajjaII cjUx^aH jLikli t cjKnAi ^ AaII JAaj —4 

JJC. l^J Jj-lJI (jV 4ijl_jaJ( cj_jujI£aH V La 4 Av\ a 3^*_AA jJaA 33 ^ LLiaJ t Jj3^1l 4jc«^j — 5 

33 ^ ^>1x1 yd V-lJ Cj^jIaILj CjUa^A (Jj* x~A LAj 3 IA 6 vAa ^IjaII Jj3^]| qs-*q\ <- ^ ^Sjja 

.4jI^1Ja| 31 



S;J1aH) AAIa^V 1 4_ia^£j| S^Aill ^_3 4 jj^^ 4_Lx^_a (_)^ 4^jLuia 4j_jolA y^LLdi 11 1 (J^juAIj 10 1 (J^ 

. (JaA y^aud ^3 ^a^aII 3^>a] Lilia ( 2015 ^-^ 3 ^ 26 ) ^ 4JLtAll 4 JIxa1I 
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JjVt J—ii! - JjVl <_jUI 
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Figure 1-10 



Figure 1-11 cjLiLi jg )vi La£ (a a (J£j Ailjlill cA aII <il£ 


oaU. . ^jyli J^i J\ Daily Load Curve JLu^uU 12-1 

^jj Juljj c > ^gk JuljlJ! CjUaa^Q CjUc .jj (J_^J cjjjjj jghj 4 j3j ( ISjj-J ^gk ^g-^Loj 

- ?vV W~ A\ 4iUa]l CjUa^oj AjjLoJI 03k l03Cl _ll CjUa^oll (jl ^gk <■ 
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Figure 1-12 ^Ic- * jjII ^ ^jjjj 


.^jLqj ^,huj l£)^j l£s>^ • 4iUall ksiA 1 ^jLoJI J£jJ! 3a^.V 


. A l^j-v \^\1 fiAA 13 1 



ft Hydroelectric ^ Nuclear 

Photo courtesy U.S. Department of Energy 

A breakdown of the major power plants in 
the United States » by type 


Figure 1-13 ^ ^ ^ AiUall j ^ ^jii 


tgjl i jl^-Loj 4 ajjjlSI CjKhIiII a AjjujLuoVI A \-i&\ <j! AAjjla ^3aJ 4-la4 _iaAIj 

-lAftj Cj^> Jtilljj (, ^Cj jjlxill ^aII 4_jj|^3I CjUo^xiII^ 4iUall is^ -Iaaxj 
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(7 ^.jA\ CjlSpI) JjVl JXi! - JjVl <_jUI 



<411a lLjAx. 4_i]lxu^l 1 a\u . 2014 j 2013 <» i**nh Lo^ 4_-jl c~ihl L-iXuo (_^V 4x^11 ^Aj-a-oll 14& 

. jjLoill Inin'S *oll j* LoLoJ A* fun^ l£j>b (JLq A^mI 


? Spinning Reserve __\Va L i.i.s 

jl^ ^ 4 Cjl^W J<0 40 6^43 (J-0^ (_£4*.Jj >1x0 Cjl^W \A 100 >lxo 4lJX ljj4l jK ^4 ^4J) k^nfl^oll 

j-o Clx^La (Jlaxl CxJajxJj ^JjSM 4_lax>b £_>a A-LqIjILq CjIjIxx-o 30 ij4£j 5jj» > » (_£}X,1 4_llj4 4 ln*s *o 4 ^jol11j 
cjj^U^ 50-40 c_j jSa j Hot Spinning Reserve <j4a ^la 4 j 41 bjVl 4lj*ll c) ^ 4_*4^J1 

4_s 4j-alxJl Inertia _11 ^ 1 ^. iAUa 4 oQ y \n ^^.ilallj j£J) £jxUk-£all 4In's^oll aAA ^j^pk. 4x»jjuaJ ynjxJ jl ^xlaXujJ 

. ((jajxoll SjAfill 4iLjaVtj ^jlj y^alxSu 


J\ 4 in service cuA 4&1 4 in operation ^aJjj <jAa Jiy 44V Hot Spinning reserve aS\ J^V 
j£i 4lj)k^ifl^ll cjUo^x>11 4j a^iSj (^^llj ^ Gold Spinning Reserve jc- 4 ah'sj Iaa ^jlnlLj .^LoAxJI ^a c_baul 

. 4 ^ W \\ l^jlc. JlLujI j^oJ 


. 4_j1j£J 1 14^ j-o ^jjjjLaJl cpUL 6,l^J ^^jJa^oll IaA 4^, (J u^o*ill jpa Ajx 

4 Reserve ^pajla ^ 1 4-41 jl b^L jl jjL~_u-4 >ta vlxo cjIjI^ i& 90 s^aaj >i ^ aI^oII jl^ 4 j. ^b 

. Load Shedding J1 yt> l^k* jji ^ jb&J aKa ao *U 

( ^V i l l j£>o cjUU Spinning reserve Jl 4>^a <J^£ ^ 11-1 j 10-1 J^l' jr^b) 


' JUft^SI ^ iukll ^ (O^i II (O^y 1.2 


4_jjouj 4 )Lujj 4-iax-o (j^ ^1 jxj ^jaII J 441 C> 11“1 J 10-1 U^iill j-o 

l j)JX>^ A jjlljjaJ (4^ L . '' 4 L& (JjlXX juJJ 4 ^ 1^11 11 iy ^ m ^ 


?_jl 4 43 4-ilc. (JjL-aXoll 11 (jl 4] yl\ L_9jaj 4 SL& l bjVl bjj^l 
?^paftj ^1 4b 4a b^^ 11 (jl ^_fl^C' (jl 4 xj 4lj* 44 U’ ^ bjj^b 


:4_iM 4i>L«-ll 1 ^ 4 j p4^1 Load b^^^b *2J-^11 14A j-o 54lJ^ll Sj4a 11 (jx 44>L*J1 jl ^\xj 


P (mechanical) = T (mechanical) x (j[ ) = P (Electrical) 


(l_i& bL-o^ 4jjLaxll CjUax^oll 4x.l Ujjj) bL^Vl 4 4jc> c~ Q\i Lo ^4 j4oJ 4j4l*_xill cAA j-oj 
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i_g : jiJI ‘. '1 

S^Lj Ak. ^aJ i CO 4Ajlill qIjjAII 4x-jjoj Ak (jjJjLuila ^t-nlall £_Aa^11 

4iLalj£! ^aJJ ^CjjoJi (_>blikj| (ilSi (jc. Liijj t Mechanical Torque (> jjS! Electric Torque jU 
>i~ij Mechanical Torque aIajj ^3 0^3 6 A_iijj 3 ]| c^! 3' Cy* a_i-o ^ jj ^ oj ac^jjuli 

.(_£p.l (jtpVI aIjJI jj*jj saja=JI 4i«ji ^ Electric torque 



:aLLJI 


Frequency _i AiLu^ a£)Lu a u>^ ajjIj ac^uJI ^ilaj (jl ~ .'y 


f = 


p x n 
120 


Ac^uJI ^ n j (-lUaiV' A Ac. p J AAjjll ^ f ilua. 
^ jA.kl\\.A i£sjl\\ 1.2.1 

.Supplied Power Jl jjj j Load Demand Jl <jjj ujljjll aJU. ^ j& AAjill jZ*. j 


Table 1-2 ^u>n 


HZ AAjjll 

(JaP^H 4jjuA 

49.2 

%2 

49.1 

%3 

49 

%4 

48.9 

%7 

48.8 

%15 

48.7 

%20 

48.6 

%22 


1 a$ jjj Jk AjIjj jli 6 Lg^ 

^gjol ^ JaJjaul! jklAll (jl jk 4 4^Jjolll ^ jl^Iklj 

(Alii j}£. lili 4 JJ* x^l (_^Axi ^2$ j)l^ 

_ll 4 )o x tii^j I^jjUjj) 4j 3 ^aall jj^<u3 jj» ^11 (_£Aa1I 

J! Ujja Alii j>* jj£I jkull ^a* .:lj lili < Governor 
Load Shedding _j i_aj*j L J Jlk/I aJ^ 

Jl 4 j1^a 1I J (_ix^aj IaJ jkill l^Aa lili 4 
^alllll ^avLlaVi AjjJL^. ^Jl Ua 1 ^juiftj CjIj2^a11 ^atill 

.Blackout 


(j>a t. tfhVi JJjjII J jku l£ Ak L-LuA (Jj*^ AlliSj JJjjII jkt^l 4 _j ^^ajoiaH 4 )^>La 

. (Jj^aflll ^ ^ ^ j J(Jllxaj 2 — 1 (JjA^Jjj . aL 
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(7^.jA\ Cjt£*iS!) JjVl J—iS! - JjVl <_jUI 


? Blackout __\\ C 1.2.2 

a^iaSI (Jjoia aJU* JiLaj j 4 Blackout _SI jl ^abll ^jUaVL La cjjAa. a_ij^£1I a^aII aa^j Jill jl U^Nfl ( j>i 

(jx £.\j^£ 1I ^Ua£j| J (j-aj A ^ ^ Si y& AjlS jllI CjlAa*^ (J^ ^c^a. ^Jl (_£AJj La-a AAjjSIj Ag y\\ CjIjj ^Jx JaLLaJI ^3 

.JLa^l J* 

^ All (j£l 4 Ajjj^SII (JLa^Vl (j^»» J jj A \ l ^ JllSjj CjIL>*\ a (j-a Ai^-a aIx j La£ Ajjj^^II A^j, bllj 

(jjjaJj <jjfl3 JblLi j t AiUall jjiaj (jl A Vvaj Aaj^£1I A^j _ jJI j _ italic, jj-a Aa^lj j _ ko'ix A^J V Ail 1 ^j3 c_lj^3lH 

(J^a^ll ^)A_x-a-all (j-a ^L^£ll jj^a Ax^jjujj c ljl-i«\l LajlA SAftlLai-a SAlj-aSI AiiUall j)l ^ *s* xn c y >.s-i £.L^£ll 

. Jj ^joi (J^ (jl y\ t ejjJall Axjjoj 



ijA3 ^Jl j-baA (JLaa .1 ^ vVl (jjAll yj&\£Y x aiaSI (jjjjLa yA <- JL* Alb^s : ajSjjSI^ <._ASaSI y±i (jjjjAll JjxTi ml yA ajV^ 
C_lLlaa*-a yA L_ljiaxi A_laaj]| (jjaAJ y Q^MVAR^ aJL*3 yt- ijA3 Jl ^baA (_£^1 (JLaa.1^ t P |MWj A_SI_x3 
I 4 K A^ajlVi^ll L>o juij (jj Jll IAA (J~ Am J Aj-n x^Jj 4 AjAxASI AjA uo ^Uai j)g 3 (jAl . blaa.1 CjbUall fiAA ^)-i3jJ aJJI 

.^bll ^LbVI 


J i A Vs.ax> Ajjj 5jA3 ^ k-aSl ^lc> (_|a*J A^j uiSI c" lj\ 4 S^jlSI cAllijl C_l3j AjI (JHaSI (Jjj uj ysajifljl j 

aJo^xAI 6 JA La, Vi* °i . LijI^A A ^ W \\ c \yy±j C iga j 42 Ailjj]| CjUa^a yA A (JJaC. C & V W La L_n_ul 

ciiL ^jyL, yc, y _A LA I ^oaAI jjLA A_-aj>LSI A^UaSI ^Ac. Ax-j uaJj (J-aJU ^j! (_£^.V1 CjUa^-aSI ^Ax c > I'sj 

(_^l (J-a^JJ (j! ^jlvi_uA V 5 ^_k^a^lj (J-aju CjIa^SI (J ^5 La^ SgjASI C_l 2 j ^3 \Y &\j c A-Sa^all 

J! CjlAa^ll 6JA AjLa^a. ^AaJ jL> ,>>" ^0V6T l03ClJ CjIjJj>AI (Jxa^j ^ CjjAi. IAu LaAlxj t (JLa^V) 

c Blackout SI Jl (Jj^aj ^j^JI CjULaX JIjjj A3J c IaJUj jjJa^SI AlAjj3 -Aj-all V A^jAAI ^a 

. Blackout J CjjAa. AjIAjjjLLujj Aa.1 lAAj 


Blackout A\ ^ 3 ^. <_AiA\ ^jY\ 1 . 2.3 

4laa ~ 7 ^'~n • ( 4^ixull ^9 1 "jljaa. A ^jjq A ]aa ^ 319CkOUt 1 ) cjI^lu! j£ 

^1 ^JJJJjuoL A L>*\ A^j yx*AA ^3 y Yj Aj£j| -%j A*" tA^b 220/500-S' cP^A 1 -%> ^>0“^ ^ 

i A_a.l_aJI \ ^jjjjjj^SI JjjSxASI y±i A^LSaSI (JaLj ^3 AxLjujj CjLSa^aSI 5AAj 4 ^ 7 — 1 (J^-AaSI >lxa Ja^SLa_juj 

(Jj-a A L>*n x\ ^jy^> (jl 4 (jjj^j_All (jjj (Jl_k^aAjVI (j-a jjjAa. ^ Aj_uojj^II CjUaa-all fiAA (j-a SAa.1^ ^yy±3 

^3 AAjjSI (jl (j^AJ ^aJ j-aj c j ^ IsflSI A_^ll (jc- (_£^2»all A_^ll (J <^ 5 -^ 7 — 1 (J^—A Ja^lLa_juj 

A^aJfll AAjjSI A_xu 3 CdL^aj lAli c A^iA (J^ (_gAx (JLa^.VI AjjuA (Jua (jU^aAill ^1 SaLjSIj LaA>L^ ^1 LaAAa.1 

Jl (J^aAj A3 ( Jj^. ^ajLlal ^Aju La-a c ^ j ..^toll ILa ^3 IAISa ^j_Ljuaij^ A^j_a1I oA^j CjIaJaII (J ^ ^ Jj ^ ^ 
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i_g : jill ‘. '1 

4 jAfLujAl (jjl Aj_xjjA^SI Aal^}SI JajjLk ^ja ^)!i£l _$l Aaa. ^c^}a. aA£_joixAI CAl£ IaI AjLlLuAI A 'NjnSI (jjdlA (J_x^ai A3j 

_SI 4 _lajuol^j ci!a]^> aA jl ajsLouAI AjIi^SL (_£^k! Jajlok ^>aAj a_AIc Power SwinQ l~ OVi (jl (j£xii LaAlS 

.aA£cuAI aa*Aj Out of Step protection 



(_L-a3 ^jj (jl Sjjllall ^ j )£8 a j 4 AuLlk. Cl lj j Lq (J-aC. j \ AjLu-all ClIjlLl LAIa JaJJjJ BldCkOUt _SI ClAl^a, ^j^juoIj 

^3jIaSI AjI)SI IS JajS-ik\l & (J-oaA a£Jj All uu 4_ uAjA ^Ac. £.Ll ^_£pk.l Jai^Sak. ^Jc. 4ALa^,l ^jjjjj Jak. 

C.Uaa.1 A_aCAj LLa.1 ^j£Sj 4 (J-oaJS AjAaJI £jjjll] ClUaa^l q ! a*i ^ Aa!jjSI CilAaj (J-aaA 1_Cajl a£Jjj 4 jSc 

J^VA V aJjjSI Clllaj ^1 Ja^laaJI (jL ^aJ Cl I ) g llxAl (J-oiU ^LuoAI ^aJJ LOSCl FlOW _SI C_lLaia. ^^3 aJjL 

. Ajubla Sjj j^aJ ^gjkJI ^-3 IaAj AjAaJI (J-aaJI 


Restoration 2CA\ £ C&\ C^kL 1 . 2.4 

Alii Blackout _SI CijAa. Aau All ^Ax-gj 4 c.L^£S ^LaA dili s-Lj^^ aSjj ^ dil L_9pj <jl La AJaj^kI^aAl 

^llaA Iglli *Lj*£SI ^Lil ^ IaA ^^£1 A l~i-\ A L$\ <jV 4 aJjASI Cl Uaa-a jAiCA ^ <j^)kl Spi IaA <jl aJ_^juAL (JjijS 

4 Cll£j*\ xAIj Ai^ijSI A^Jail^ SjIlV 1^ AJaa^oSI CiIacJ_ula (Jji,_JA $.Al Aj'n xA Cl Ijl SAxS (J_x-aJ A3 A_ijj^£ SjAaS 

aJU ^ lijl diiaj .(^Jl .... Xoi i s^al^ 4 Compressor Ja%_jaSlj 4 Pumps ciU_jaJI^ 4 Motors 

lA^nliSI SAlatHmV (j^AJ^Sa (xA-oLol g.Lj^£lS ^all ^UaAjI 

aA^3 4 black start_SI s^iL Aj^alk JjjA aJjj cjIa^j I^j ^^iSI ciUaa^AI (JjxjuIj LA — I 

6AA ^-lljl j^AaJ (j-oj 4 A_Saa^AI (Jp_JA ^Aj ^ Ac.1_uu3 4 LAIa AjSjjSL IaA CllAa^SI 

CjIac- 1_uuAI JUa.1 AjAxj ^ (_£)k.VI CjUaa^AI A^oAkl_uA3 4 A^j _AAI ^Ac. A a\\ 

.I^j Auxiliaries 

A£j_jJI ^Al AAliaSI i^ja A_ia£ ^)Jj>AS ^AjASI AaJ^SI i^ja SaUA-jujVI AAa^pSI 6AA ^3 — L_J 

£jJal juA ^£S AaSjjSI (JjUaa^d CjI Ac. I uia (Jjx uA ^AiS ^i£j Sjjla-xAl (JjASI (_^Aal ^a 

. IaA (jl ClUaa^AI 


: A_AIa 1I ClI^SakAI ^IAL ^alAll ^a^UaVI LjjAa AxJ a£hmSI SaLAjujI ^allj 

. cjACAll ^Ail A_AIc SjAaS ^LaA V l^jlAc-Luixi ^jl CLua AjjLAI aJjjSI CilAaj JtCAl ^3 jjujjjSI — 1 
.AAjLAI S^AakAI ^3 AjjLtAI jAuJASI CllAa^ ^yA SaSj^AI SjAaSI AJajuol^i A^ok-CaSI A_jjl_k-AI ClUaa^AI (jAuJA — 2 

4 in operation JUJ ^1 uj^ 220 kV _SI a£iCj 500 kV_SI a£±A ^ A^aJI -3 

. no load ^-Caj o £Sj ciV^a-xAl jj j ciIaSj^AI (Jaca ^Ial^ Iaa^ 

. AAjjSI^ A^aAl ClL j ^jLoCaS La.ijA (JLaa.VI l)J L ^AiSI 4 
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JjVl J—ill - JjVl <_jUI 

(JLa^VI * *Q ~I ^\* A \ l A \ ks-»S \a J)3^ 4^JjoAI k k\8 ~I L^JjJU Ci]JjSI Cjl ^<{| (JL^Cl ^2$ £juJjjSI — 5 

4^J_joi1I ^jj£j S^lcA ^ JaJ^)J A \ l jJ^JI J) ^ -v" ; jj^^JI fijlA ^jjJ (JLx^ajI (jjJi l^A C_Jj3^I CjlAa^JI 

^Ac. Ix^q CjI.J^JI Jajj (jt (jja. lia.V <_g>i ^ Synchronization Ja jjj juj 5lc>j-o £^<a 


(j4uM ^^-3 4_jV ^1 jJ ^Al (J_ x-aJ Cij CjIcA _juj S^C- 4_Aa*JI cAlA (Jjjju_^ . (_£)Ijj3I 

^alUI 1 &Aa Synchronization Jaj^,_c ^jlfLoj 4 _i^* _L-all 

(s-L^^SI ^UaAjU (_£)^V( CjjjIj ^^iJI CjVI _u*ajVI CjI^J _Ji ^ (_£p.l 4.1^_ Aug Jl 4_*_2 ^q IjhzJ 

. ^V*AI L^A3 <*— iJa^JI (jjj (Jj^a Jl C > \x ^aJ (j-oj 


: JJ>dl J> (fl^Viill 1.3 


ji\\ ^a <C^i\\ ^a Governor ^\hL«.__\\ 1 . 3.1 

IjjI—joiLg .jJJI JCjj ^Jc. Jo3lau (jl 4 ?v WjJI 4^J_jAAIj <J._x-aJ-a ^Uaj (_£l CjIjJLg (j>a (j^^a ^A 

(jc« (JJjouJI sjjl 4 Av\jail ^^3 ^)^Jaj Lajlj 44£Aj CjjIj (J^joi 4A (JjjJ QOVSmOr SI ^ . S-la^^aSI a<u-\l jjjj 

j 6 jlaJ 4 _i^ J J^dS Valve ^Lox^a (jc. s^Uc- governor_SI (jjj 4 _jjLadl a a\ ^ja 6 4 _njjj]| s^l^l 

cjlAa^aSI ^ Lol 4 ^jjji^VI c_9^c. ^ A^aalS cjLI^j ^jc. S;Uc. governor_SI (jji AjjUAI 4 U-v A\ ^ 

cjlla^AI 6 Aa ^ Governor _SI ^ ^ j 6 UJ| ^ ^vA I oLl^u Governor _SI JuuS aj^Jjj^I 

.cjLI^JI fijiA ^ ^XvAS Ijl^ 5^3 


;^jVi.4\ cA\aA\ ^ Governor _A\ 1.3.2 

l^jj 3 l_luoIjjj jjVI SjLoiVI • (jjjjUil (jjj 4 _jjIaaSI ^jJa ^jc. 4 _c-jjaAI ^a^ixAl governor _S! 

SjLojI LaLaJ 4_JjLailxi ^SJ-<AI SjLoil C_ljl^ IA1A C 4 ^JjoAI ^JJ CJjujUjJ 4jjla]l SjUVI J ^ 4^31 4X*JJUJ 

governor Jl jlA ^131 ^jj 4^* s ^j j 6 ^ governor Jl jli 4 <n>AI 

^jiSl (^Lauj JWIj ^ 4 _nxi]jjSI 4 x-jjoAS 4 _cjjoAI Governor Valves ^)Lk4 >1-^1 a v*^ ^jjjjaij 

.a<Tu"Sl 

Ax^joJI ( x_a k jiS jlaJI cjLaLaj-a cjI^js ^jjujjIj governor _!l 4 ^joAI jjjj ^jc. jAj>AI jjjj ^jL^auj AJL^. 
Governor Jl ^ ^^iSI cjI^j (Jiui JAaj 14— 1 (J^iAl ^ 4_JtJI Sjj^SIj -a<o ~Ai ^ ^Lojjj j ^ d"* 

aj CjI Avs xAI i$A^y 


30 



















Figure 1-14 Governor 


: Governor 1.3.3 

(Jajj i 15-1 ^9 Fly ball (jj^jaII jjJail s^9 (Ja19 4cjjoi1I (Jaj ovar load X\*°\ 

^jaII Jl 4 _cjjoiSI Jjjuj 4_i^ stoarn valvo _SI 4 v*^ S-^Lj Iaa 1 ^jjj 4iLaiA]| 

.4_llx-aVI 


Iaa 1 nj 4il_ uiaII ,1jjj 9 Fly ball (jjj 4jj£jAll 5^9 4c.j J! (Ja^JI (Jaj Ia-Hc^ 

.4_lL-aVl ^1 4 cjjoJI Jjju j 4 ja^ (Ja 19 ^Lu^all 4 _^j 9 JjjjJa 


^^JjoJaII ^ 4jjL^JjojV (^llj ^ J JjA4 4 I 

. jVI S>£> 


5jj _x-£aj (Ja^-II Ja^iA _x-£a .la^j 4 jV ^ix>c. ^ic. 4j£l ^ 49^11 j J)Jajj 

. 4_i3jjj^lV1 4 cjjoj £A L-Aj£jH l^laj Aj^jI^IaH L-a1j <- > 'y nj J9 j Sjajjoia 
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CjI£^I) JjVl - JjVl <^Lli 




displacement 



steam valve 


Figure 1-15 sjia 


? 1.3.4 

^gjxjS AiJ! (jial P'S \\ La I . JJI ^LiV* 1 ! Jl AS Laa 4 JJI 4_Cj_ uj S^Lj ju ^.^Jl 4 _aj3 ^LajjI 

(Jxoj Auxiliaries 4 _ 1 o^a]I cjI^c-Laa ( Jc. sajuu Jl ^ 4 ^E = kfcpJ ^ Jl 
Ii *j Constant Power Devices II 4aj1j s)$J ^ J ^Jlj ^4ivLkj Cj1£j^a1I 

J 1_iJaj) l_ii _U3JJ .1^_JI (jiaUaJl (jU IaIc. 4 jLJI ^UjjV Iaja* IJc* ^ Jl (jAal&kjl J C5^*^ 

AVR ; Automatic Voltage Regulator I) ji^JI ^UiJl ^ aJ^ 4 Rotor II 

CjUIa Jjj^. 1 J <- > ^ n~j J ^Jaj I L&j 6 ^>j£l 4 ja^j LjajS 0JLnl Rotor II jLj 4_aj 3 S^Lj (J>Lk (Ja -1^-JI 4_aj3 

.4 1~ib')\\ a La (Jjx s-i8 ~1 ^jjjj ^jjjuj . Rotor Jl 

60 _j\ 50 _\\ ^\Aai \iVi» 1 . 3.5 

.4_ij^£j| ^fl]| 4 a hi I J Jc-I CjIjJjj ^l.Vsnul j 4 I^j^j Jill cLa JvVnul Jl dol ^Jl cjLjuaV! cilliA 
^jjAaal (jUiJa I " ^ 1^ vIja 200 Jl ^^Jl Jj LlJ ILLS 4 F = Q 4_S^Ula 1I JailLj tilj ^£9 JIaJj 


:^lli 


^)j£l 4iUa 4 aa£J Lul ^^.iau liAj 4 Shaft _SI l$j ^Jl /7 s 4cjjoJI SjLj ^A (JjVI ^Jall # 

4 _^jUSI sjl (Ja^iS shaft _il (_g^i ^oAx^ajl 4 SjJ jjaII p.L^£SI 4 _ia^ qjJlI 4 cjjuJI s^lj 

. Jl*JI 4_CjjaJI (JA 

. JJI -4j)j 4j^IJj 4 JJI J p cjlLaVI S^Lj ^IaII ^JaSI • 


. (jl^ jAlha ^aJ ^ja j 
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i_g : jiJI ‘. '1 

S^U£il Jala'S \\j AAflSI aLajI J! c^ISA (_£Aj4 ^ 4_iSlc CjIaAjj ^»l AaJ uAj (JiiiSI Ss-U^ jpfo (j£* cALaU 

^ Ja^J^JI Ajjjjuj JIaSLj (a^jjS! £-* ^jujIAjj l$4l J^Aj) cfcSS Jajln-V ^ Cjlijl*_xAI <ilSAj A^SI 

A^aJI 

voltage drop = I * Z, X a F 

^3 ULa*V Musis 'i Loa^ skin 6ff6ct , coron3 _SI ^^aUa ^jjIa aLajI (> _ 5 Ac. jfi ^SSA^ 

.pM\ 

LA i 60 ls^ S. w"xAl cjLV$11£ <JjA cASIa^s . 34 ^ 6050 ^IaAA _uA cJj^ ^Ja *a Cj^Bj _uA cAISaS 

.^jLoUaiSI l^J 4 _jAjjljoiSI^ ^jULiSl^ JjASI |^uaxJ Aa^J ^9 50 ^»AaAjuaA3 ^>.s-ia I^Lqj t Laj^I (JjA j 1 j jjj ! 



<£*.*JL ^jl^dl Jm> 1.4 

3* ^ ^lAaA 4 ^LgAaVI <■ > v ^~ (^IjjSI ^gic- CjIa1j>AI (Jj _x-ajj 5^3 LojIa C-ulS SAa^AI 4 ^j_joJI e\±i (Jj3 

: 1 ^_Lq CjljxQ sac. ^Ac. (Jjj^a^AS (jg)lpJI ^Ac. jj£I ^1 ^jjaSj-q ^Jjxjojj Jl ^jU^VI 

^Axxn c (J1 xt'vVI ^jc. ^j^£j| jLnlS ^UaAjl CjjAja 4 j\l ^1 3 ^ |^ J15j CjIaAj^AI 3° AjAxAI A^a*j (jl “ 1 

C > AJjujJJ V ASj-a 3V ^Al^3 CjjAa* jl (JiaxA Aix3 t c-L^^ll A^ajlVixA R31 j3bj I jty 4 jaLgAc.VI 

. ju*5u iy^si1 aja^asi jah ^ 

Jl^VI A_ja*A ciSLjjjl cijjAa* (jjj 4 _jjjaSI AaL _k^aSI £.3a*L _ ujj 3)13]! ^Ac. cAAaj Sac. (Jj^_ioA ^jl —2 

. jUlSI ( xJa3j 4jLix^aSI C— AaSI£j (JjIaiSI ^3 ^aLuoj Lc^ c 4j^1A^aSI 

(_y axj ^^3 4j| ^ ’i* x>j & ^—j^aSVI (J-<^-SI ^^1 (Jj k ^jSI ^Aa^ (JLaa.VI SaLj^S Isuj SaSj-oSI SjAaSI (JjA*j AJ^ uo “3 

CjIaS^JI (J^asu (J k^a3 (j^AJ 4_iic.j (J>il£Jlj AjSjAIS 4j£j-<AI SjAaSI ^1 Cj uuS (JIa^VI CjISjVI 

.5^.U£j| ^3^)S c. V^j l_j^ 1 jujVI IAAj 4_laaASI cAA ^3 (J^aJI ^_Aj CjIaSj^AI 4jAj <jl LAUa 

(_|a3U vIj-q CjI^ 400 AjSjj SAa^S cAll^j_uixiSI ^j3^SI 4 j-<^ ^j! Jo^vLj^ Jj3^Sl cilvL^j_ uj! (ja (JjIaISI "4 

Aj3^SI tiS>L^j_jaj| i^ja (J3 I 4Jac^SI i ^CjIj 320 SjA3 (J-aa. (^A*j (^! ^ 4_Lol£j| 4 -*_joiSI %80 Ale. 

AJLaJI cAA (J-Aaj ^aJIj ( 0I3 320) J x>*\ll (JjoAj (^AJuj CjIj 3!^ 800 L^JjAi A_iS jj SA_aj ^3 

.iUSlt ^ JaA3 %40 


oU£UI 


il (3^4 \aa 6 Ajt_uiSI (JjoAJ I 4 ! (_0|j4^l ^A_x-aAoll AjSjjSI CjlAaj Ujf^' (jl AajJ_ Aj V “5 

. c_i3^SI jlAo ^^jAc- (JIa^VI ^)4*j ^-0 l^A s$Ai£ ^ 


. SAa^>o ^j4£1I A^JjSij AiljJ 4_Saa^<a JaJj ^jC- CjjAaJI (J4^* AjIjj-oSI ^jjoAJj (3^4^11 ^jjoAj 
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4_aj$£l! CjI£^I) JjVl - JjVl ^Ull 



? t ^eA Vx 1.4.1 

Ixa CjUJ aJj j)\ 4^j_juJI ^jc. 4jjjJ)JL-a 4fl)Vi<ft ^^3 C5^ ( *—JaJj .ljc> s.]j_juj lal^ ^3j 

^aI ujj (jl (jL<i_jJa (Ja. 1 (j-° ( —^43 6 cg)!^! (> _ 5 -^ JaJ^I 4 -AaC. 4 m x> Ja jj Ji 3 j >13 S3aj-<AI A^j uAI 

^ Jjllajj ^oij!i]l 4 -iLqjlj laA JaJ^I AaLoC. ^ajuoJj 4 (JLo^Vi 4 j3ajI Aa^Uaal) 4al£ll $/>au l qK>wAl 

% 4 j\x>c> l^jL laalc. L_9jju^ i Synchronization a aK _l^q ^laj _ Jil ^aj M( *-^4 _ u ^" 4 _Aac. j 

Phase 4akjVl c_ujjj ^ Phase Anqle j ^ lall ^ 45 !) ^9 ^ ^_^J1 AjaUaiA ^ 4_a^£ 

AjA\ Jajj ^ JtuJI Jjfjua < Synchroscope iS ^j 4aL*l! 6 4 a ^UjV . Sequence 

^a]| Jaj^)_ juj ^ 0 ^" ^1^-aJl I Aa jli cGl (jgjjjjll ^Ac. _All ^3 G2 

. JaJj jlij <j> (Jj 3 Jlall ^gk tgic- i~ OWnn 



:d±\ Sa jj.jjk j 1.4.2 

: ^Ac. 1 *_a 4_L-ala]| CjIaSj-<AI <jjj JjjAAa] Ayj^j 4a j g jjJa 4_Ala]| Ja^jjaAl 

l±a M'\W lA £ - 1 

l (_g^Laa j-<A! (jl C_9 

N O co 

77 _ iy sta ^ rot ^ 

E °-^r~ 

^ 4_<ua jjp <jl t_g^! I^a_5 

00 Ac^Jjoj . 1 

N sta ( Stator cJ^l olil ^ .2 
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jJI ; £jl jll 



(p rot 6 Rotor 21 j-a ^cjlJI ^juaJaLii^JI (Jl'sJI 


4jj1j Cjlilll jl L<LJ J 4 ^j2l CjUj ^^Ac. Jaliail AjjIj jj£j jl L_1^J rotor jljJI J_kia*AI 4CJ_ juJ jl Lqj J 

*\\ (JjxtV'ill L_9j_jia JUC. 2 j^ 2I j-a 'sll 4 ^j 3 JaJjJa] jj~j ^2 j-oj 6 ^-ujLujVI x«oMI i j 

j Jl^JI saj: ^2 Rotor .21 ^ l-j^JI Exciter JL jlJI ^jkLiJI JU~2I jLj ^ 

jl ^ ^ Exciter jlp j* ajjj ^ill j (Automatic Voltage Regulator) AVR jl^ aU J # JL fn 
(J^jJI ^3 JL (J u^> 0 **i . ( 20 KV >U ) C_uL ^jUI Jl^-JI ^Ac. Jal&J] JL j 4 (jjJ*AL (jjJ*AI^ 2 jJI ^ ^ 


.c212l J^L 7-3 


CilJfrJl ^4 aa, t >4 . ^ . J l JJjJ cggLuJ “2 

: a212I JjLJI <- > ^^ 4iL<u3 v Wn 2^21 j>a ,i^_2L Freguency jjjJI jl <. ^j^aJI j-a j 


p x n 
120 


4 ^)jJ! ^ n j c-jlkaVl Pj ^j 2 l ^ f du^ 

: Ja jj^J-J jJalc. ^Ac. Axuxj 4_j| .^jju IIaj 

p cJAaiiSM • 
n c rotor Jl jl^j 4 ^ • 

4 2j2l u]j3^ - 1 j-ac. 4 ^jjoj ( ^ 5 i «Xv\ll (jj^la V} ^.jJI ^^21 jiaj V ^212 6 CjjIj L_sUaaVl jl Iaj^ 

^jjuj 2j 4 J ajj£ ^9 ^jc. (JjJ.m. 21 Governor 21 (J> 2 . j>& ^jj 

.4_LaC. 4^Jjia ^jjoj 

olJsJl £± a * / 4 i phase sequence Jt ,jjUaj -3 

Jl cjjjjj ^jjJj-JI Ji^l (jl c" j\ c & n^j l-jjjjJL Phasesjl JjA-ajj l_l^j (_^l 4 jftUl c—Jlau J 

4 JUJ vL^aj jl j^x>j V jjJj-JI jl ^ 1^43 R-B-Y jt^ ^jjUl Jj-JI L_ujjJI 1 R-Y-B Phases 
jl .aj^JI j^ two phases jj^j jjj as magnitude and angle ^Jl lS^.\ c ju >n j^ljJI 

. vUo 240 cJja 100 Y >U 4 j^jj 120 cJja 100 
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On Phase shift Jt jylkj -4 

_SI sa^x^oSI Phase ariQle_ Slj ^l^laVI (Jx^jjSI <Ljjlj 3^5 ^j-oljjSI Cy* ^l^l ^aj-^l 

Phase - A ^ aS ^a ^ vlxo Phase - A q±i 4 _jj]^SI I^j Aj^aij^ t (^Ij^SI ^lx^aj-oSI caIaSj-oSI ^xo^J ( Phases 

. Bus bar Jl ^ ^ 4_> Jj^LoSI j^VI aS^oSI ^ 

Generator _ SI ^ 6 cjIxoISI ^Uaij L^aj l-al ^jIjxSI Ja^jjaiSI ^>0 A^tiSI ^jj ^ 

U* cjIaS^oSI Jajj JhSLj) bijLojjl CB ^JaliSI <jplc.li ?j** jU* j* j ‘ (16-1 l£ _ ^) Synchronscope 

. lAj^A <JjjLaiSI JajjjjiSI ^L<x jQ^"' Ale. JaA 2 ( 



Figure 1-16 Automatic Synchronizer 























jJI ; £jl jSl c_jU£S1 



L$Jd 1.5 

: UIac. aajUJI AjujVI JajjjoJI j^jaV 1 ! 4 jaj^ ^jJjj JUI cj^JI 


3 S\£>U\\ 1.5.1 

synchronous _II >LJa ^_lc.i ^Lui ^_ll ' p^-j * • (J^aj 3 liJI a_i^ -Cs.~iij AjjjjiJI ^jjuj 

“U-ilstJI (j^ 4_jl >n-y jajj <_£4]lj 4_£_ul]' JJjp ^j]l (N s ) SpGGd 

120 x/ 

iV s =- ——— 

s P 

JbI (_jk iS\? ^,'jX" (^ ^Ic- (_kUI J^ill 4£^lu Jji ^SUI c£l]j 1 _.L_ilksVI .j. s iC- P (. " 11 ^. 

* )^P9^ 4jlS ojSjjlIxji 4_j^ail y J I J 4 4_£uiljj]| J^JI 4 ^jj_u 

Synchro Jl J!>U. ^ja *icjjJI JaJjJa 4 In^yl-A ^j^AJj . (JjVI AajJAl JjJLCj ^jj JJjjSI (J^UaJj AxjjJI JaiCauj 

. scope 


:2ulAA\ b AsiA 1.5.2 

7 . 4 _xuaj (JjA^a^ll ^j>UI 0rot 6 flux Jl Jjjj ^USUj ^lf (JL^-JI ^)Uj exciter_SI DO_SI ^)Uj s^Ljj 

^jaVI IAI 4^j _jJI ^ ^ S Ujl hia jl c Ixa (j^JjA Jajjj C3^ IJ J^VI JjaIS (jg^l xhaSI ^ ^ IS JjaSI 

^aA^IaaJ IftJa <- > u 1,<V J JjaSI cJiljlal ^Ao C^^AI (jl . 4 aUI AJjCAU Jja Jajjj (jA*JJ 

Af 0 

E ° ^r~ 

.^USI JajjaAl (jJA^J ^JJ (JSAjj . a<u-SI ,\g -v ^LuoJ 7 ^Al JjaSI <._AljAal ^Ac. A^JI Jj-aJ If Clljj ( xa 3 j)Aj 


phase sequence __\\ : kiWiW S 3 \ai\\ 1 . 5.3 

(> ^sbll IjiAj (same phase sequence) Kn^ll ^ ^n^ili JjaII Phases_II ^jlk: 

phase Jjj-a jj vUa ^jj (j\£) AJjUaiA ^jiii^UI ^ Phases Jl c_ul£ cjUaISI mJsl^vLa (jf~ <aa^j 
^xj sa^. 1 ^ (j^Sj CiajSI (Jaaj 1 ^ k^k»\ ^a ^aIsj^ V cjLiaISI ^jli ( 4 £^jAS phase b ^a JjaSI ^ja a 

£_JJIjj cJjSI (Jaaj ^ 1^ >>)*; j-a ^Jlajj ^x>>" CjUaISI c^CjuJ Phases_SI cjjjjj cjajLLj IAI . (_£p.VI 

JjaSIj 4_aC^JU vL_j^a! »^^jaSI (J 3 VI JjaSI (j^l—xC ^J ^jl l_jjIaj c > )\ x^n 4iJa«_Ca S^-l—CaVI S^LCu (jj£j_juj 

. JJUI JajjuAI 1 igg^v ^jj£j (JSJj (4^^JS 4 JU.J jIjaSI ^usi 


37 












Cjt£*JSI) JjVt J—iSI - JjVl <_jUI 


phase shift __\\ 1.5.4 

.(jjJjJI jjj phase shift ^pSI SyU^JI ^ L£ ( phase shift =0 -SI J ^3 



phase 

shift 


. JafjJalL N s l$j\-uZ AAiJj3l Acjjuj (> AjV 313 3^ '1 
Field Jl L_sUaaVi £jAoja Ajjljll aAA AA^J Ia (jlfl ^JjJaj3Ij 
. Stator Phases _U ^aulL gljll ^ 4 ^^ ^»^3I Poles 

t AjjjJ &A& 1 ui'n (jj.llj 3 l L-jUafiVl £jAoja Alc-j 

4 1 3 ^aII Ac^>juj ^j^o\\ jj\ Ajjj Ujlfl Aj ijljll oAA Jo c j 

. AOJj3I (JjoAJ ^Jl ^ 


j ^jIjja 3£3a (_>3ijjj illjjj cAJll s^-Ljal j)l a^j phase shift 31 -3 1 j1a*v \ ao^j 3I SALj ajo ajI 

^.^JaJ jJaau £a >oajJ CjLiaIII (jl ,him IaAjo^ .AoL 3I L_JjUo al^jl ^9 jjAj ^3 J Ia^ gj)x>ill ^Ajj 

. (^>13Ij (JjVI a]^ 31 (jjj AcjjoJI (34 (J^ &3-*AaVl Acjjuj ljJ9jj^) 

j ^ A^n^llj 3j3l (Jjj^aj^ ^1a&3I 3 ^ <jl J13 Ij j 3 *^" £jJI -4J3 <jl cJJj <jl ^jWutn Ija^ 

. CjLlaIII ^.liiajl aJsl3 ^J ^1331 


(Automatic method) :2uA^\ <iLijAA\ 1.5.5 

<je Jjk^ ja, j (synchronizer)_SI -'vi-,,J ; ^jj t Jujxo 3Jlac. jal^ ^ bl JVI ^IkiSL J^JI Ulb J^AS 

<_4.aj (jjj breaker_II 3^-35 >^>31 caIaIj 3I (>]33l a3a3 > 3 >UI aj9|j3Ij Ax^aJ < cjUaj ^ A y 3aI 

(synchronizer)_II ^Jj 3_^3I (Jo £.a 3 4-oj>UI a3jV! Jill ^£9 (JjjAj^3I aa^j c & u^v ; (Jj»-Aq]| (Jjjai^a 

A^-aJI ^4 JajjAaj (jl (J^l j>A (AVR) 31 ^v* i ill c^IIa^j (Qovernor) 31 ^^4 ^^31j ^ 4 ^ 3^ 3j3l aajj 
( synchronizer) 31 ^ amVu (>1331 Jajj3 (jj£j Uajcj 4 (phase angle)j43l iijl) ^a3j magnitude 

.(>1331 a3a^ ^LgI^ Synchronizer switch 31 31 ^ 

(j3VI (> sa\j 3 I 4 j l^jA^v (>1331 Ja^jjA ^.IajAujI (> aS 133 (synchro - check relay) ^ajolj 3W^ ^ *■ a^^jj 

. (j3>U ajja3I aajjJ 3I (4 1 ^jl II Iaa ^aAAjouj c 


33^4 j.\\ A.a\x.^ CLlqA y\ l3A> \^Vx 1.5.6 

4 Rotor _1! jIjja al_ijuoIjjj stator winding _ll s3ji3l induced Emf _1! aa> j! ajIaj 
CA l3 4 ^1 (>*A 3 c Ij^AAjj ^ 3j3l ^)±^A_juj 44 t3l 3 !^ v3a l^Ac. t flh^A AAjjj A^j 31 ^a 3j 3I l3ajj Ia 4 
Jl 6 AAjj a 43JI j-a JaJ^ll A^-a^ A^4 40 Hz (^Lujj AAjj JaIsu 3 3 I 2400 RPM 3j3l AAijjj Acj_uj 
J l (_£A> 3 Loa turbine shaft_3 ^jLaj ^ v ^4 3^AAj3 3^31 <- > vw~ ^^ a 333I (jl ^\»j Iaaj 30 Hz 
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AijjLJI i_gjiJI k-. Vi^ ; i _ 


^ j_ja.lL L* ^*JI Hj) shaft_SI ^^ic. JjaL ^pil SjiSI (jl ^1 AiLaYL t shaft_SI 

.stator Jl cjliL jLSI jLiSI 

- (Reactive power) 5JUiSI j±. SjjSU I;.i ^a j±uu ^Jlj - J^JI jte. eh±A ^ lajjll aIL. ^ LI 

(jiaLjj JLL j i a^aJI Loj'vUI ASLiSI jj t, Spall ^Ll *_iLi_uu ^>la . aL_LSI qa Jal .jL |j| 

L* cjIJjJI (Jjj Circulating current jlu ^yLI juj L£ . a !J j$J y* 4_jl^j -ll j j-la j t ^)JJ^ (J^xuj 

. 1 gang's j) Jl^.1 4_JLu^J Jj 

. 4j\x>C. 4_1 aAI Cj^L^, UA J 4 a! ^jq!\ ^^Ac. jjlo'V JlUj 4_i^ 

Load Sharing <£*«JI ^ djAJJI gdj$d 1.6 

aL^iJI CjIJjJI ^ja ~ij ~i» SI JLaVl ajjiaJ Aj^ILJI aJJSI kVAR •* kW_SS ( _j_u-JI ~j ■ .^sJI Aj ' ■ ^.5*^ 

.aJjiSI Iaj^Ia ^ stability Jl JSLL j over loading J£LL < -^-i f -.nJMI ILj t <_g)[£SI 

Alaa. * AaJj l$jl L£ j*j Laj infinite Bus Bar, BB_l^L i_aj*j ji l JUi Grid auj^JI aLLSI jla < aJaj 

(^^LJI aajJI ^1 a^aJI a^js ^_jlc. ( P or Q (_LaJI IL (jt^ p.l_5_ uj ^ La (J-<^ _9' (J_^^ ^jjJj (jlj 

sLa ^3 P _11^ <jjj 4ivL*JI j I Q _11^ (JlLoJ L&JI . 18 1 

.4^UJ! 4iuiJI 




Figure 1-18 aI^II ^ jj jlllj j^?J1 

















U^Sll cUSUill) JjVl - JjVl caUI 


\ ^ J.U.A (^.A.juO ^.1 1.6.1 

US ^^JjbI aJ&Lua Ja^J I^LlLoj ^jSaj V S^jaIaII CjIU jaI! ^ P Sjj JJjjII ^)JJ 4B>U1I j! i Q llj ,^^11 (jjj 4B>U1I 

sUj) ^a bbjjII \\ ^_ixj IUj 4 Droop_11 ^ajaj (Jja l^J a nn(c. aJOUj JU 3 (_)j ^jLuoII J< "ill ^b 

^b ciljLaol AaUII aSiaII ^Ac. l^J_u-£3jj JjUJja ^lllj SbjaIaII CjIaI^aII ^b Q_11 l-l^joj S^Uj ^ ,^^11 ^>>1^yl^ 

. (_£^jjaj US (JU^.V 1 A_J-1*J 

^ILj Uuj 4 Isochronous ^__aI (Jja^aII s^Lj ^a bbjjII jl ,^^11 ^jb a_ib jauj V ^All ^Ua^JI i _ 5 -U jlU Uacj 
(jAJj^aUJI ^JaJ 19-1 (JSjoiII^ . DrOOpS _ 11 4jj-aU_J (JjxtV'ill £a ^^jjII^ A^Jl ^^B ^jialfl^^Vl A_ix-aU. 

. Ua 



OjSj j! oSaj Jj JaJI ^ ^jjjLoua Frequency Droop J1 tdJASj Voltage Droop OjSj j! s^jalL 

:aJUI Sjjj^all ^ U CjV^UaII cUj 6 Aj AuasUJI Au1,bUa U^-La wlj JS1 

Frequency (Hz) droop: (IGO^Hz^-HZpJ / HZpJ 

Voltage (V) droop: (lOOJHV^-VJ / VJ 

NL = no load 
FL = full load 

jil jaI! (jA 4_3^24 uuoa 1I Active Power, P_II aajb \ v w ~i 4ij^*A a_1bI*a >» Ulj aU (JjaII aajb ^jl^jjuojj 

^jB I^jB _xjjj <jSl A_SUa1I j^c SjUll A_n_uj A-IbUa n T^ j ) AaIIjII aJbUaII ^ US ^isa (Ja^. ^ u aU _x-ajj Sic 

( Frequency Droop Jl ^ Voltage droop l&i ~ 6 jbjjII ^ 
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jilt ; ^jl^II ‘. '1 




Slope of curve, W/Hz 


Operating frequency of the system 


DrOOp -II Lq ^_lc. jl^all (Jj‘ 3 xj ^jl^jll JJjjII 4-a_iB ^jjlj 1 ^Ibll (JIlLall^ 

. No load Frequency <^1 a^L LaJ 


Example-1 

A generator with no-load frequency of 61.0 Hz and a slope sp of 1 MW/Hz is connected to 
Load 1 consuming 1 MW of real power at 0.8 PF lagging. Load 2 (that to be connected to 
the generator) consumes a real power of 0.8 MW at 0.707 PF lagging. 

a. Find the operating frequency of the system before the switch is closed. 

b. Find the operating frequency of the system after the switch is closed. 

c. What action could an operator take to restore the system frequency to 60 Hz 
after both loads are connected to the generator? 

The power produced by the generator is 

P = S P {fnl-fsys) 



a. The frequency of the system with one load is 

4, =/„-- = 61-7=60 it 

1 

b. The frequency of the system with two loads is 

4=/„--=«i“ = 59 ' 2ffi 

b 1 

c. To restore the system to the proper operating frequency, the operator should 
increase the governor no-load set point by 0.8 Hz, to 61.8 Hz. This will restore the 
system frequency of 60 Hz. 


: I ^ j(JII j xj j q j ^(jl - _ ^_pjlyi]l ^ lx lx-4 jjjl ■ gli jjj.2M ijj 

(jjtjill Jia t ji ^ Frequency Droop Jl j < Voltage Droop Jl ^ l^I <jj£j <ji -1 

. (jjjUdl ^Jaldl ^3 lj^3 La£ 

. I ^ (JII -j ■ ..a" aj S 3^.(5 U 14 I ^1 A laftj jjij .2 

.20 1 (J^~‘"ll ^9 >vi (3-3 LJb (jjdjJI '■ I 1 . n9 $„iJt a bo*, JjJI i oh-. 1 bis 
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Figure 1-20 


• ox J^!i 


Example-2 

Two generators are set to supply the 
same load. Generator 1 has a no-load 
frequency of 61.5 Hz and a slope spi 
of lMW/Hz. Generator 2 has a no- 
load frequency of 61.0 Hz and a 
slope sp 2 of 1 MW/Hz. The two 
generators are supplying a real load 
of 2.5 MW at 0.8 PF lagging. 

a. Find the system frequency and power supplied by each generator. 

b. Assuming that an additional 1 MW load is attached to the power system, 
find the new system frequency and powers supplied by each generator. 

c. With the additional load attached (total load of 3.5 MW), find the system 
frequency and the generator powers, if the no-load frequency of G2 is 
increased by 0.5 Hz. 



The power produced by a synchronous generator with a given slope and a no-load 
frequency is 


P = 



The total power supplied by the generators equals to the power consumed by the 
load: 


' load 


P^P 2 


a. The system frequency can be found from: 
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as L 


^Lad ^1+^2 S pl [fniX fsys ) + S p2 (*/nf,2 f sys ) 

SpX1 + ^2f„L2 -*Li 1-61.5 + 1-61.0-2.5 



y p i 


1 + 1 


60.0 Hz 


The powers supplied by each generator are: 

4 = ■*>, ~f w ) = 1 ( 61 - 5 - 60 ) = 1 . 5 MW 

« = *,2 (/« - /„,) = 1 ' ( 61 0 - 60 ) = 1 MW 

b. For the new load of 3.5 MW, the system frequency is 

r _ S p\fnl,\ + S plfnl,2 ~ \oad _ 1-61. 5 + 1-61.0 — 3.5 _ _ _ , 

J SVS II - '' 

V + S p2 1 + 1 

J?=s„(/^-4.) = 1(615-59,5) = 2,0W 

The powers are: 

-R=v(/«- 4) =1 '( 61 0 - 59 5 ) = L5 ' w ' 


c. If the no-load frequency of G2 increases, the system frequency is 

/. _ S plfnl.t + S plfnl.2 ~ ^foarf _ 1-61.5 + 1- 61.5 — 3.5 _ __ 

J sys h h — " - 1 1 ' 

S pl+ S p2 1+1 

The powers are: 

4=4= (4.i ~U) = 1 ■■ (61-5 -59.75) = l .75 MW 


<L*V.si\\ %ljyJ, 1 . 6.3 

(jj&jj Jl load sharing Jl J JlaJyi 

Active power (KW) load sharing -1 

Reactive power (KVAR) load sharing -2 

t no-load Frequency_SI jjjiil 3^UJI K^lli 3i^idl aJ^SI ^liJI Governor S-in^.i iilS3 fh 

(J II 4jA*j 4*1*11 A -"II ^ \r. _l. A'. A tiljLuij P — G i Power ^9 fn.l 

L£ 1 JaaJLi 4 ^jjoA] 4i0lc. (j\j \a\c- ^ 21 1 P|oad 

. ^)jJaa>y 1 JaaJL (Jj-qj 1 xnjj IajIjoj 
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C:t22JI) JjVt J—ill - JjVl <_jUI 


ji iii 



Figure 1-21 *^4^ ^ j jii* 2_j* -bj 

Governor a * _< 3 j_Jj 1 •< » « 

4<n«ll (> Power_II ^Laji Jftjj 2*21 2b (> AjjauouJI Power 21 aajs jbjj set point for Fn.l 

^-0 _u_3 12^* V Cji2 l c i^-vll AujIj Sj2il) AjaIHa 42j _21 l^jb A-dUtll A^i 21 1 <L<al2l 

.(cjjIj 12b Ujjjj jV Infinite Bus Bar 


2b (22-1 <J£b) 3jjp.uiJI Power_11 J2i2 Governor set point for Fn.l _ll) 3 l 2 & U 

• dub (_b2l A^jjill i^yi POWer 21 A <u3 AjjIjjij 2^*21 


jjjlSl 



P load 

Figure 1-22 AjA\ ^c- <■ 


lUHIIj lUJ) , Vrn% c j£<ua (23-1 J^») Governor set point for Fn.l ^ij ^ U 

^9 LjJajI ciljLjuiJ Alkali ^2_x-aJ3 ^jc. a]j>2I 4_3^—joix2I SjAaII Ajjj Lgjj (Jj JaA3 Alkali 

.4JUJ) cBA aI^aII ^jj 4^Jjui1] 4ja^axJ) AjBxjII 
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Figure 1-23 ^ AjA] L5 lc. 

Governor J!)_>! i c. I_ 

^Jaj P G l^j ciljLujj (jli ^24 — 1 s^jj^ s^ j^aj set point for Fn.l 

reverse power relay J ^ ^ ilUJl £>3 a ^ 4 <i >«\l ^ power ^JUJt tdt 

. 4 



P I.B.B = P G 


Figure 1-24 jj^lU*^ ^ 


(jj.A <x\\.aa\\ y.b* 1.6.4 














(SJa.j-il JjVt J—ii! - JjVl (_jUI 

Power KVAR jl-sJL. ^ Ijjli » -ll^G ^j-Q Jj<i _) ■ J LqAjC. 

. Field Excitation System jpjL <jc. 2 3* c> 

Over ) jJjJI 11a <> sxijiJI (KVAR) s 2 -jj J! ^jj 2JA <jp sxljiA\ field excitation s2^j 
D-curve _U U2a Active power J! jV power factors J2& <^jj 2 A 9 (Excitation 

.25-1 ^Jajj 4 JuAji 2 l cjI 2 ^ 2 I ^ P and Q 21 4 ivL*JI (JiLaj ^21 




Figure 1-25 P-Q relation in D Curve 


. ^ 1 L ^jjd^xSIj . dulj ^ ^ ^^ excitation s^Lj J3 2)1 4 _j\j 12c. 

2 j-q ^Ac. ^jLoAI ^ Wi2l AAl*2l ^jc. Sj^aII CjLja^I^ jjujI 

.cj!j£1I IA& 2 >^ ^2121 c_j12 I \)\u^sT) <21A . P Jl cJ^nsu <2 jj^ 2)j^ Q 2! 
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j^a 2 a jU* a 


_uoj j AiiUa]| (JajI A^j juoj *b^£]| ^IAjV Cj1£j J] Cj xjj ^) ua4 ^3 A^^ 

^All ^_L*a>a s-Ijj^S] a l>>^\o\ 1 A^j_juall (jjAJJJ . ^JlA]l JLx!aVa]| ^-3 L£ *b^£]| ^jjjAl CjI£j _Ji 

.Ajjj^^II A^Hall ( xjjjjj (_]ajj Jliljj 4iljUij^ ^Jjjj 



S^aIaII (JLojoi 

• 

^vll ^a jS]| J)^a1 I 

• 

s^IaII 

• 

S)aU1 I ^-jjW 

• 

s^aIaII ^n 

• 

IaLII (_3jjAj 

• 



a jjA^joiV 1 

• 



Ajj.iiiujVI 

• 

Ulnll i 

• 

Ini Jill Jajujj 

• 



InijJI Ljj^c. 

• 



S^aall 

• 

sUaII ^n 

• 

Inlnll 

• 



^-LaII A^jll V 

• 



tohll JUui 

• 



^^-LaII A_^ll 

• 

Ini jJI 

• 



AjjLoII CjI a\\ 

• 

sIaaII 

• 



SnnVL<JI Ailkll 

• 

Ijl* 11 

• 





^gJajuj^11 ^) *«ox> 

• 






J)£|j-c AUjuj ^Jl AiLjJaVlj ( S)j^JIj — (Jjlj^l] AjuIaII (JjiLai AjjAa bjiiAjj AiUall ^^.3 Vill ^a ^aII J)£j-<i]I 
^sV - IaIaII — In]Jill Ja_jajj ^Vi - Ajj.Vi^s mVl ^s>A - S^aIaII ( 25-1 J^i) 4j*j'3j 


fJ*?J 
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j2l 4jjk«^2l — (J j^\ L_ll2l 

2.2jj 4_laa2 i^ya 4_iJ^2l 4iiUaSI ( ^i ^^21 ^9 ^_2_2 j g »l) ( ( ^ 5 _h2l 4_a^SI — S22l 

. (Ji*ju 2I CjtpLk^aJSl^ 4 _jj|^aLoj|^ <j2il ^)2oC-VI ^^-9 l.la.1 I^J^I^’hh.q 

4 ‘52j (_£.2I .^J*v^S1 2^>^ 3^9 6 ^-gjaSI ^^21 2^>^ (j^aLaJI 421221 ^ ^a2l i^ya (JjVi (J?£l _m2li 

t 500kV_SI 4 ^jjoi (^j-Sc. s.^aj2l {Jj^jSI cjUo^q 4i2-222 .2j2l cjUaa^* ^v\SI ^ 4_2j2I 

.220kV 21 4 ^jjoi ( ^ 5 ic. s.^aj2l ^1 

(J_x-a9 ^ ^a2lj 4_2 j2I 5j4aSI l^J gA&j t 4\a\\°\)!\ ^a2l 2^i>^ ^a2l ^j2l (_^Ljoi2I LI 

4_Saa»^ (_^l {Jj* _23 ^1 (J_k^a9 Aj^uIsVI 2^L>^ 6 *^J (J^aj V oiS c (JbI ^1 66kV c_iUaa2l 2^*_ ujjj 

.220kV Jl 4^2 J 500kV J 4^2 

4ju_2! 4j-2sVI ^2221 £-2 j .(Ja2Ij ^ ^^2 2^1^ LS^ cJ^ ^15 2221 (_£5 J_joi2I ^ 

.4*221 




Figure 1 -25 ^ f^ill 2^'J* 


: Aiuiii ^^ic. jj 4 j 


jj 2 e.2j^2l ^2. c212li 4 21 >■ jl Lj^_J: jl Ijc^j—joiI jl Lui jj c_u2 2*^*^ ^L^^SI ( ^ 5 2 l2J2I ^j_ujj V 

CjLjJ) j 4j^sJI 22^.V2 Jj2j 22* i Ul^La jl 2jl2 jl 22 j 2 J- 2c-2_k^a 4ijf£ Cilia. (j>a 6 J2ia.VI 
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i ^ (jl x>i aj ki]^ ^ t ^ CjljL^Vl^ 4a\" ^cjIj-jujLIaIIj jjbj ^ t ^IHjoj ^ laj 

. Ijl^J J >LJ ^j2i ^^ic. Cja^l) L_9vllklj Jjtjj 


*Laj))V^ <j^£j (jl c > c _uJ jpl'Vil 4 _aI^JI CjIj _Ji ^jq1\ A^J 4_j_uJI ^ ^_k^aSVl Aau ^ 

. (Jlx^Vl ScjjA] 4jL^Jjoj>U 4xixu^xi s.U^£j! 


4 1 <Q 


c ^>121 4_ ioU*_a]| (_£^j_ula ^UjjI (JjjjjULg A^.1 4_iJ^£j| 4iUall l_jj_ \s\\\ (JAaaII ^a^]| jmj 

= 2014 <^a sa]j-a]| 4iUa]| L_^j_ juj ^>a 1] 1830 kWH ^ _^xi Iaa (j^l_uuj 

C> J5t tiAj . ( 1830kWH = Aji oj^ 90 ^J\ Iaa U*_^a lili 4^U, 164836 

.Jjill iftlu, caI* £ 2800 £kj (^ilt Ja^I 

2jk (_)£i iS^ 1 _a*JI _xjjI Ja_ xjjjj-oj ^JjAII 4jj1 h«o* 0 ^Jaju 3 — 1 

.JjaJI ^a kWH/person 


Table 1-3 


2012 

2011 


57 

56 


2,055 

1,705 


1,832 

1,752 

■*w 

ksJ 

52 

60 

k>"j! 

5,573 

5.599 

ij.~J t j ..j 

10,398 

10,712 

LJljlwi 

6,589 

5,314 

L-i.jAwj 

7,189 

6,930 

JyjljiHjJ 

jjL ■ ■■ iHi at 

1,282 

1,219 


2,955 

2.901 

u^jVi 

2,357 

2.289 

u4jVl 

1 0,453 

10,537 

JiaLUll lJ jU/1 

2,118 

2,195 

UiUi 

17,395 

17,093 


2,452 

2,394 


4.735 

4,848 

d*U#M 
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^&Aa.j-all A^JjAII^ /\-JjaXa — (JjVI L-lUll 


654 

657 

A _ * - -'I d^ial jlt iSI u jLji j j' -~ 

t Mil! j^-Aal Jl+± Jl jV a . j j j “•"• 

1,700 

1,701 

-h_ a _ '7 

3,690 

3,695 

■=■ _ ~^ J ■ j~.j_ kAjijla 4^jLjd n-fci 

4,403 

4,696 

kljSi 


J^A L-likll J- 4 J jjiaj 


Jl ( Aj^aII A_ij^£1I SjAaII j^aj JIaIL j ) LlIjjIj 


a9VI ^9 ^-ajll _ uo£j J 




&aa CjLIaj ^ ^ ^aaVI lU^JI aj p uJ! saL)1I Ja*_^ jJb clu^. : 1970 — 1952 JjVI Alkali 

. %3 ‘ 12 Alkali 

-(1970-1971) spall ^ ^-^SVI J*^l saLj Ja~ ^ <2 : 1985 - 1970 jjjgjUkj^ 
(1974—1985 ) ^pLAI aa*JI ^ aa! VI < cjpJI <■. \n>n Ujiui %4 t 4 (jc. (1974—1973) 

^)JC. ^cull SpflJ iALa (jpal A9 ^ 4 Ij jjjuo %5 6jA9 SAljj (jA*_-aJ Cj|^-a Cjvlj (j>& ^Jj£l ^^-i^aAV I II A]j 
Jujc-I ^ ( ^Jt_iila]| jl*il ^ JjjjJI ^tll ^9 (^aI*JI ^p ^ulL (jpsl (_£a 1I 4 Appll ^9 (^aLlII 

%4 ipttll ik>JI Jl^Ja ^ lMI ^9 Sa\j) 1I (jA*_-a ( xAj A9 ^ (Jjlla-a Aj _uj lALajd AjIc. 

. Lpjaj 

<j-a (J 9 I oV a*_xu (jl^ ^ fc^VI (Jx>^ll Ajljj 1 ^j9 ^aLjujI : jVI — 1985 aIaIIAI! a_L^a]| 
9850 J\ 1986-1985 ^ 5361 c> ^_ *Ji\ lU^I c±^ _-Jl aI^JI 

J_x^aj SaL^II CjVa*.* CjjxTi trtl^ 4 l_p_juo %2 a;A9 SaL) jA*_-aj 4 1998—1997 ^Ic. Cjljlaaxi 

.2015 ^ ol^ 30000 c> ujjL U Jl 


(jjjljLaJI ^jnUj^all Lac- JU^VI Joaj ^ (i -£jjULj >ltfU 4-i^,>A]| 6j& ^ CjA^, A9 3 

Laj Jill CjIcLuj Jpal jpaj CjLmjUull (JliLa Sp9 ^9 c.lAAll ^9 1 -Wj IajIa ^^a^aiVI lL^JI (jlS AA9 4 
4 ^cJI.. .^jlx^a-All ^1 AjjL^j]| Cj>La. a!\ ^1 ^jIjjuiJI ^1 Jjllall ^9 ^Ijjuj S^Ij>U ^)J^I ^Ia^JjojI 

CJ _^vi cWi g i ^ i jjuji ^ c_ijj£jll 6)4^1 L-U^jj Juljj j-aj CjLmjUull (JjIjI Ala 

• 2015 ^3 CjIj 1 7 >J^ 30000 (j-a L_J^)flj La ^^11 L^A La^ (JL-^J ^ 5 -^ a21c« CjVA x-aJ Aj]jjj IgJj^a 


JLa^VI jriiA ^ >^ 15 ^ 26 1 l£-^L> • (2015).cj| i Uj <c> 28750 j ^ a^j-joAI <Jaa. ^ ^9l 

aJjA ^a ^ ol"Aj C_u9jj]| lAA \jj 4 ^Ljua-a AjujujIaII AjA^, ^9 ^ x^a9VI (J^a^JI ^jl ^_jJal^ . ^aj 2 l CjIcLjuj ^Ac. 

A—jojALjoJI Jl Ij^la 2 (j-a Spall ^ ^Vl (J-a^JI 1 ^j9 c & Q \1 >\j-a Cjj j£lli 4 A_llllall C-fl^pall c J (_£^1»V 

.A_j p^a A_ 2 ^jA II (jj9 ^Jl Ifln^i Sj|^JI A_a^jA (Jj^aJ C _1 
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j2l ; £j| j]| 
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t.H/Y*\r J ! . \ f/t . U ^Wl 


ft... 
T t* «■ - ■ 



^ ¥ i“ t ■* t v a ^ mif if w wu m if. YVKrrt 

T *■ \ T/T * 1 T ^IjiJ I J-*aJl —•— T * U/T- IT ^UiJ Ljr -a3ri’l 


Figure 1-26 (2013 j 2012 e^Sl ^ cs^l fj2l cr*J^' lU^3' 


: CiUa jzAa 

^C£Ja] 1 ^ll*Jl (JjJ ^aJax ^fi3 4 1 43a_Ji3>U Ijj x ^2axJ (JLoa.Vi £JjjJ ^ — 1 

(JLaaJ %43 J ^3 UjJ i2L_joi>U t dy*' *21 (j-o ^>j£ 1 l$J3 4_iC-l_L_j^all (JIa^VI (jj^J 

— 1 (J^joiII L£ *Lalc- CjLaCk^ 4_jjla3 ^3121^ 4-ic.lh/i %27 4_jjULa Aa^juj 

.(27 



■ Residential 

■ Industrial 

■ Governmental 

■ commercial 

■ other 

■ Agricultural 


2014/2015 electricity 
pattern in Egypt 


Figure 1-27 <J^Vl 


( Xjuo^21 CjI a £.LujjI (_^5^ dljA Ll3^ L>^ l^J ^aj ^aIuiI 131 — 2 

Scroll 4 jjj 21 AiUalli 6 ^3 J)^* 11 Ju2 j K.uwll AjjUall i~'1 2 kuJ ^3 

Sjjj^xJI 4il_yii t (LaA ^^21 Jj3^11 (j* 5Jj,C jIj^i c_ijj£Jl ^tjjVl Jc. Splill 
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j-all — (JjVl c_lb]| 

(j-° ^^bll 4sUa]| Lai c 4x*l_ juj dj\j 8 (jl ^j^-aj ^jj]| ^j-a .l^jj (j-o 

.4C.Lal Cj\j (jjjLa 24 CJjlij La 0 JJJ j! 7)^u3 i 235 ^qa 


^|_5_jujj j >/i/i ^^3 < ^ 5 LLa ^3 cijI jjj^ VLV4 tilUA (jl ^Loc-Vl (_gi ^.U ^jl ajV — 3 
J-fULj 6 C«La ^jiLaU 33 (ilAj ^ 4dj^ joJI SjLj^II L-IIaJ jj j! 4_jJa^ill 


4 (jU_UI^JI ^ LajJ 3 jJL^ <J-a^j 4 j 3\_Jaj 4JJ^-^ 43 Ua dll^j_ujj_ uj 4_Aa*JI £>3A 

JIa <j jAj 40 44-1^j (ji 13Aj t 4 kWH s-LaJ) <j^a L_ix£-a]l j!LaH 4-jlaa3 

43lia]| (J^ Lajj£j (J^btj 4 jj^^ 43lia] (2030 ^ £3jJ-all ^j^->o 41 j ^.ball c_ i 

j! Vjl 42c. £.Lall 4 _iL^j ^^3 ^)£aj (j-° u' cj-^V ••••• ^)_(jVl 4^.tLa]| 4 aj^£JI 

. 4^HLall 4sLbil <, o<~l b >> < 


4j j^,4.ti 45 uai1L ±lS jlil ljIL^a 


L_Luajj S-la^-aH 4^JjoJb 4_laJjj-o (^cJI 4 jj]^& c 4jjL^j c 42Laj l^C-ljjl t oh 4 ^ ^3 Julj2l CjLLxa*-a 

:4~1 J>iiJ) ^ cJ^ ^jbiui 


Table 1-4 ^ Ailkll ^^15 


^cmaJI <Ui^JI 4 UaJI l$JIao-I% 

OUJI 

7.94 

cuiLaJI <*IUI 

0.79 

{4>JI 

0.07 

t^-u-CL-.vJI OSUoJI 

91.02 

qJs^JjyoJI 1 CjLL»xJI QrO cL»>p-^ 

^SLybjJL 

0.14 

^>-*^11 oLla^uoJI qjO ijJ^JO 

^SLybjJb 

0.04 

^j-cb-aJI oLSjjbJI (>3 jL9 ljjO dljJLjJjjo ■eL | >p-^ 
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jill <joiAiA ; £j| c_jU£]| 


: jj^oa <_j jJjj ,_yi 2 ,. <-v“, „aH pika. (jku <jc- Siu ej&j 



12x175 MW -1 

.^3l*Jl ^ 4_1 jIa^ja 3I l—lUa^A ^)j£l (Ja 6^.1 j <^11x11 .1x21 A a • 

• 175 MW ^-&Aa cJ^ Si^j 12 a 1^a\1 (JaIj • 

: CjIaj^II aqW\a ^2 CjUsl^g jjj) 2JUa : 4ia^A -2 

JIa^Ij CjI^L^ja 627 Sl^jj i_]^ Sj2 4 4 jjL^-j Sl^j 2 .ilc- ^^Aj : CjLajj£J| AlavA • 

• ^^Vunx^l (. 1254 Bj.2 

Jlcj CjIjI-sja 250 Ia^Aa <J£ Sj. 2 Ajjlc. S^j 2 Ale. LS lc« j : 1 Aa£ja21 ljIajjSJI aU^ a • 

^jlc« ^A ^alAA_ uIaII J CjI^L^ja 750 Bj-2 ^Ia^Aj c CjIjI^ja 250 l^Jjli AjjL^j Sl^j 1 

•Ji^iS <jr*^° 

Cj^Uoa 250 Sl^jj iJ^ Sjli AjjLc. 2 Ale. (_£^joo ’ 2 Aj^aSI ljLaj^JI Ala \4 • 

^jlc. ^A ^1 ^J_xAa]| ^ CjI^I'SJA 750 SjAii ^Ia^Aj CjIjI^ja 250 l^JjAii AjjLio SA^j 1 AAej 

^3 4j uia—joJI A^Unll ^Ao Aa 1 xa]| ejoAl SjA3 3 A CjIjL^ja 20 1^43 J * Aj—«ula—< uii| lj IajjSJI 4 lava • 

. (_£aI*AI (_£)I^JI Sjaa ^^a cjI^I^ja 120 u-uL^. Jl 6 mMl 
6 Cjj^UjA 30 Ia^Ia S;A3 AojLkj Si*j 2 AAe C5 ie Lg5^j j : ^^ J* ^Aa^A 

• C 3 *JJ^ 5 ^l 9 LO^ ~3^ ^AVhhaII Aj^^SI j 6 CjI^I'sja 60 SjA3 ^Ia^Aj 

6 Cjj^UjA 110 Ia^Ia J£ S;A3 4 AojLkj S^j 4 AAe iSj^ : J& ^a^A 

.^jtAlla CJjjIa ^A ^A^Jju1a]| 6 CjI^I'NJA 440 ^Ia^L 

: IaA .AjjU^il) ^ (jtklaiA ciSliA [ Ai la a 

Ajjlc. SJ1^3 4 ^ Ia^Aa (_)^ UA x^ajj ^ jjAJ 2 ^Ac. ^Aj ! (2 jl) Aa£>]| AjjbjJl # 

250 4_j£ja]| SjjAJI ^llaij 4 _jjI_^j 2 l_ljL^ ^1 CjI^L^ja 250 1 a^-1a {J_^ Sj-^-3 

oVj cj j ^4 a > f^— >>1^11 j i Cjl^l^xo 1500 4 ^ 5j.ii JUi.li | diljUio 

SjU 4jjU Slij 1 Ji.^iC. | ^ a£ i a 1 ^a3j ^ j jjaj 2 ^^iC. ( Jc- (_)<d ■"" ! 3 ^L-jLi^jJl • 

S)9^11 JJijj cjl^Liio 250 SjUij 4_ijLij sxij 2 '' r - L_ijLi. JJ Cjl^l—iX4 250 1 ^ UU 

jV^ui ^ ^a«^J_ wiaII j 4 Cjl^Uia 750 S^j^S ^JUili 


-3 

-4 

-5 
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j-all — (J j^\ L-lUll 


0.6 3-l^.jj J£ 6 (28-1 l£— 4_njjj 105 4 Its.^ 11 (Jkj —ujj I -6 

478 4 Ac- L_ijl_^ Jl i Cj\j\ y\A 0.66 1 a$\a J£ SjAi 4_jj]^& 4_Ajjj 117 4 Ac. L_ijl_^ J! i Ch\j\ y\A 
. CjI^I^j^ 547 S;Ai JLa^Aj i CjI^I-sj^ 0*85 \a$\a SjAi 4_i}j^& 4_njjj 


y^A 4-uIa]| ujl h^^l l 


L< JUJI AuJl 4,h*k,A -1 

^}]| C J k^A) 4iUa]| yA / 6 (j-G ^J]^. J >/1X> ^ ^11*11 J_JOl]l (j-0 AilJJ (Jj-Oj 

.4_jjau]| CjjJaAkjl 4_jjLk2)j 4_jjl*JI CjI a\\ £.Uj £jujj4]| %40 CjI^Ijoj ALa 

4jjLo^)^£il a2 Jjl\ GjLLx^q Cy Sa^Ij (28—1 AjuJI 4 a yy*^ • 

4iUa]| (Jfij ^aJJj 4 15«75kV y& Ailjjll j (. 175 MW l^_La SjAi SA^j 12 4 (Jx> An • 

.220 kV j 500 kV a^. Jajl^'v JL^VI J) I^jIa^j y* sa!j-<2I 4_ij^£1I 



Figure 1-28 y^ ^ ^ 


.^jjj.^j. til (jjjl* 10000 3 aSj-q 4iUa ^ • 

A1qjj JjjJI ^**u? v>i (jjj jjJ-o 520 l^A-a jjJ-o 3830 4^fl]| Ak- 4i^la Ajuj yC. SjUc- ^1*11 AjoJI • 

y £la L_Jj_Uila (jj3 JjJ-a 111 ^_uJ! ^liQjl jiiJj 4 Jc- 

. jjj-o 40 4_Afl]| Ak. 4_jJa^)C^ Jkll 
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jill <joiAiA ; £j| jll c_jU£]| 



• 1956 ^Ic- JjVI ^Ivn* gjjjaui ^k (J-o«JI Iaj • 

A*_J CjjjUo* 4-0 L—bJa&kj| S A^j (_]£J CjIjI-n.46 CjIa^j ^ Ujj AJa^a!) (J-oLujJ # 

. JUJI aJ! ^ 

.^jjj.^. til (jjjLa 1750 U^Ijoj SaI 4iiUa ^x^l • 

LjtgUoa 67.5 X 4 jUj^t mI»uj! —3 

. SA^j (_)£J 67 • 5 BjAiij CjIa^j 4 ^ajJaJ AJaa-xAl • 

.^jjj.^. til (jjdLo 1800 Ui^Iuj SaI 4iiUa ^x^aSl • 

Uuj) 4,1a —4 

tiilA ^ 4 LLjujI Ale. (Jjill JaSL-jua-o (J^Ju—jaiV (j)j— joj) AjjJLo (JLa_Ji C-U—JAl 4 _ijLq cXjj^, 4_Lx2^q (Jjl ^gA • 

.SAjAaJi llujl ^jjjuAq jJa 

85.68 s 5 ja_ 3 ^ t cj|j 1 -sjx> 14.28 1 g^ sa^I^II s^aa a_Ajj cjIa_^j 6 A ^ *^vi • 

.^ 1993 4_ilSA^ j-aII 4^jjaill &■ Jj^aI! ^k 1$j!A^J CjIaj A3 ^ 4 Cj|j1-sjx> 

.^jjj.^. til 643 U^Ijuj SaIj-a 4aLL ^gx^i4 • 

i$aIa^ i *-aJ jja^a -5 

16 SA^Ijll SjAS Ailjj CjIa^^ 4 A lv\ xA) a xAaJ • 

.^jjj.^. til (jjjLo 470 SaI^Ci 4iiUa ^^gj^aSl • 

Ja^ujj 4ja^a -6 

.2013 ^ l^tas! j 4 JajJjuA ^>LliS Ajc. 4_L>La AjIjj 4lo^x> 


. ^^3 aJjjII CjUaa^a (_)^ CjIjASj s-Lojoj) (jjjj 5 1 (JjAaJj^ 
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^d-1^ A-c3^ — (JjVl 


Table 1-5 j juljiill <■"^ ^ 


tfjUaaft Jj« *-~n njjG 

ty 

fJL»JL>utl JjjOjlt 

J.f 3L*4**V< 

jSs jL*j 


2 Lv>m (U.I 

s iavi 

1UA-A0-A1 

jlc. — ^jjjL* 

m- 

n«xi 

(-) 

1 j 


mi 

jV>“ - jit 

YO 

roXt 

(t) 

< .«., >.!' Ij_*i 


y- tt -mo 

u> jl* — 

in¬ 

YO-XY + TY- XY 

(v) 



mi-tno 

jit — -=ljjL» 

to- 

1-XY+tt-XY 


t S_^aLaJI ■ •j * ■>- 

i 

U10 

1 ilh jLt 

no 

ooXt+tt -Xt 


Y iA^l 1 «j_aliJl ■ -j. i-w. 

% 

r ..A-r--vr--o-r--i 

J V > -- tr «^jlt 

to-- 

YO-XY+YO-Xt 


IiSjU • J^lall JU1 


Y-t- 

jlc — 

v- • 

YO-XY 

(v) 



mo 

- (J^lo jit 

t- • 

rr.YXr 

it) 



Y-tY 

jVj— ~u **A» jl^ 

V* 

to-Xt 

it) 

1 


IW — tlAA 

jit 

tY-- 

triXt+ttYXl 


JaLaaJ 


mV-AVAO 

cr JuJa jit. — -lijjL* 

A- • 

Y--XY+tO-XY 

(-) 



tIAI-Ai-AY 

jit — CijjL* 

V- 

to-Xt 

(-) 

£jl .[ 


mr 

- .jja^Ja jit 

t-- ,0 

ty.oXy 

it) 

..t .All 


Y-t t 

jV»“ _ u-*^ 3^ 

t- •• 

tYoXA 

it) 

i.lj.l a»)l 4 j jliJ' ■ ■' ‘--H 


Y-tt 

~u. ».‘A» jlc. 

0- • 

tY0Xt 

it) 

» l_i L>>]l S^jlaJI JaLaJ 


Y-tY 

jVj— ~l> «*A» jlc- 

0- • 

tY0Xt 

it) 

<T| JaLaJ '-‘J*- 

<3 

twv 

jVj— — u. jlc 

LA 

YT.A1XY 

it) 


A 

UAVAO 

.j^Ja jit -ojjU 

11 

YYXY 

(v) 

oL^ll 


Y--1 

i_r***l“ jlc — 

It- 

YY-XY 

(v) 

u-— 

a 

mV-V\-VO 


tot 

Yt , YVXt + YY ,VXt 

it) 





oXY + 0,AXt+ 




tlYV-tlW 

jV- 

ttY 

Yt ,YX1 

it) 

Uj>II 





• ,1lXttV+- ,lXt -0 




Y-1*—Y- *1—Y- -A—Y--V 

cWj 

otv 

• ,A0XtVA + 


■ ia 3 JI 









Y--Y 

,^-a^Ja jit — tijjla 

1AY , 0 

Yt t , YoX Y 

(v) 



Y--Y 

jj-^Ja jit — ^ijjL« 

1AY, 0 

Yt t , YoXY 

(-) 



\\A\-A-VA 

jVj— — (j jlc- 

Y1- 

t 0,1t XY+Yt ,VYXA 


<-£jU LJallo 


mo-tW 

jit ~ CijjL. 

tY- 

Yt-XY 

(v) 

Yt - 1 viu 

r 

Y* t • —Y--1 

- tj-a^Ja jit 

VO- 

YO-Xt +Y0-XY 


i-iS^i.1 VO- Ljblla 

A 

Y--1—Y--0 

_ <_> ‘-A» jlc 

to-- 

YO-XY + YO-Xt 


Y.tl^^ll iajli^Ul 


Y-t —Y--1 

jVj- — ^2° jlc 

VO- 

YO-Xt+YO-XY 


YljJ ^1 

a 

tllO-tlAY 

jV>- ~ jlc 

Yt 1 

OA ,1V XY+YOXA 


4— £ jll ioJj-ajfcl 1 

Y-t —Y--1 

jV ~ vA* 3^ 

VO- 

YO-Xt+YO-XY 


1/Cjtl. ^U.ll 


\AAVAt-A- 

jit — ilijjla 

tt- 

tt-Xt 

(-) 

jIjj-JI j-& 


tilt 

o jlc. — 

Y- • 

Y • • Xt 

(-) 



t M1-1A 

^JLAila jit ~ tijjla 

tlo 

10XY 

(-) 



tMO-tlAO 

jVj— — U «.*A» jlc 

tOA 

OAXt+YoXt 




tIAt-AY-AY-At 

- (j-tula jit 

Y- ■ 

YY , YXl 

it) 


i 

m- 

jVj— 

YY, • 0 

tt ,1AXt + tt ,YVXt 

it) 

j>-^ 

? 

tllt-At-AY 

jit _ ^jjl- 

in 

YttXt+tO-Xt 

(-) 


a 

a 

mr 

jV>— — U » ».«l" jit 

Yt 

Yt ,YVXt 

it) 


Y- tY-Y- tY 

tjjjla — i _ r a^Ja jit 

tr-- 

10-XY 

(v) 

( ajuoaJl j ■! 

Y - tM1 

jit “ ^jL* 

it- 

YY-XY 

(v) 

Y* t j-*j& 


Y-t • 

jV*“> jit 

vo- 

YO-Xt+YO-XY 

(-) 

*-& ^11 jjJ 


m- 

,^iuJa jit — OjjLa 

i- 

Y-XY 

(v) 

c*^“ 


Y-- t 

j^Ja jLt ~ tijjL 

1AY , 0 

Ytt,Y0 X Y 

(-) 

tiY jjia 


tMV-mY 

^■jj'- 4 

1Yi 

YtYXY 

(-) 



tllA-mV 

jit — ttjjla 

tYOt 

1YVXY 

(-) 


“J 

Y--1-Y--V 

jVj— _ jit 

VO- 

YO- Xt+YO-XY 


(t)4^^l cjL^ujSJI 

4 

Y-tt-Y- -A 

jit 

vo- 

YO-Xt+YO-XY 


(Y) 4jS jll 

a 

tnv-tni 

•=*>31— 

1- 

Y-XY 

(v) 

Jaj^l 

\ 

Y-n 

(jJLjJa jlt-^^ti 

tt- 

Y- Xt + 0- Xt +V- Xt 


/aj-^Ati.-.u^di 

j 

tnv 

c^l- 

Yt •• 

tVOXt Y 


^Ul JL-JI 


tM- 

^L. 

YA- 

t-XV 


(') O’^— 1 <!>*>-»• 

7 3 

tlAI-tlAO 

uSl- 

YV- 

IV.oXt 


(Y) 0 lj— ‘ u'>^ 

j q. 

uay 

c^L. 

A1 

11 , YAX1 


L—L.I 

o 

Y- -A 

c^l- 

It 

tlXt 


jjUj- J->U 
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jill jll l_Aj£]| 
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: CjUaa^JI aA^J 4 jjoUJj Ajuj! dljA 

CjUa^-xJ! . 1 
^JaJjaull AjjlxJI CjUaa»A]| .2 
4C£ja 1I 4_jjl*J! CjUa^-xJ! .3 
(JjjAll CjUaa»A .4 

IaI 6 Aj]jA^ (jA_Ca CaVjj ^4jjLaj]|j (JjVi ^5^1 ^boc-l (J^aj J_i^aA cjAi 

6 14* 4j£jaH 6 17 ’ 4jjLaJ! CjUaa-xJ) AAc. j 6 jjLJlujl jj£V) ^4C£jaj A lij unj I^jc^jj 
22 kV ^ yjjSlI cA^ ^ sa. j* jaII *caU^I J\ a *LcaVL 4 (17 : AJa^t 4jjUJI 

.Aj^JlJoi—1 ll kV j 

. ^ ^LuaAl Aj>Ij] ^ ^ n CjIj^a 1^j3 (J^Jajj AjjlaJ) A ^\1 J 

I^jjj^a ^1 ^ju&a (Jxrf'iflll IaAj 

. (Ja£2 ^jLixu£J|j (jjAjudfl]^ 4_3jLaa]| CjUaa^d]! (Jj isiS "ilL (JjjjAj 4j2j c (JjVl * 

4_laJ ui2l CjI )o*\ a\\ £-1^1 (Ja 4jsU]| 4j>Ij]| ^I^JvU yt a 4 ^jlj]| <^aJI * 

.^(JjjAll CjI Ivs aj 4_Ai^a]| Sjj A]| 


. ^(Cj11j]I^ S^joiIja Jbll (Jj^aAll A! ^aA^aaCB Ia^aC. 4jjj^£JI CjUaa a\\ IaI 

1^j 3 jA >/ia |ji Cjj^. /}£Jj c AjjLkj CjUaa^A l^jl ^Ac. 4 j ij^jll CjUx^aII (, An x«o~ A^aj 4A\j 1 a\c. 

.£j|^l ^Aj L^aLa vLx-aS l^J A^AJjoj Ia] ^JLlLoJI t flip's a 
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(2bj!jiJI JjjJjll J^all - JjVl ljUI 



jl ^ jll Jai_jJa ^_lc« I_AjLgJC'V jl ^ ^ CIjL— iljjj Cjl__Ja2u-oJ Cjl_ Ll^o]I _A ^ A *,jjJ 

J_jLa 6 j9j_I aII £-J_jV I L-J_uo^. Jj_9jll (j—^ ^^ 1_C.JI CjLJo^all _A J-qaj._xjojj . dll_iiJjJI 

^ 11 J ^ ,J1 »I jL^JI J JjI_JI Jj^jJI J ijj y^w 0 ^11 

5^—^.yi S^-^JI n jl j ^xn) 1_£^.tij| ^ J—'$*Vv' _uua j Jj 4_jliJI CjI _La^-xJI jLJIgJ 

1_Aj>ac.j 4 a l>>\ 1 L_0Ui£.ii 1 ^ j u a o^j.^ i_^i j^uij t (oij i rJ „ 600 

1 ^1*(_£JlJI j _«VI t 4_^JLJI aLJI 4 j'Vil I^JLqju _uol 4_jjl£jj jl ~)a) 1_ i, j j/sll ^_uaj9VI 

.4j. 1*JI aljl 1 $j9 Jaj ^j]| J 4j^aUk ^-l^VI 4 jjUj 

Ja—J ^_!l aA\ _ual ( 5j j/s 4_^.l_uuJ J "Vi 1_£jj 4 4_Jlc. J_ uojVI 4_ftl£j (j) 1_jJC. jj_>l j_Jj 

. (CjIc-Iuo 5-7) 4<J1I Jc. J 

<UjU*JI yiUaall yL«jU 2.1 


4iiUa]| Jj j^"l 4_u<al^ j Jl ^9 4iJaj 4 j9 j1a]| JJJ JLgju _uol ( Jc« 4 jjL^-JI Jjj]| CjUaa^ Axuau 

J 4jj JaJI 4iUa]| JIaju _uol J 4 Jjj^VI A\\acl j>* 0 j|_lSI l_aJI ^9 4jjj^» 4iUa Jl JJJ ( J 4-JJ JiJI 

^ASUJJ^O Jai-jJaj Sj Ja, 4_2jJ J jl^J Jl JaA-all ^LJI ^ Boil6TS) 4_u^al_k CjLvIc. J ftLJI ^jj-v juoJ 

Cjllj jjg j Jjj Jc- jLJI liA lajlktn ^aJJ ^aJ 4 ( jl-J 160 JaiuJall 4_xU9j 4.^.jJ 540 J] &^cJ^ 3 ) 

Jl 4_3jl^JI 4iUall (Jtillljj ; CjIIijjJI jjjJLd ji^ixJI jLiall ^ Jj9 6 4_oliJI £>jJ Clxus ua 4_jL^j 

. CjUj j j J l fijlA jja^ Jc. 4jjjljixi 4iUa 


^ a . joiJ (^^1 j-al! jj^jS 4_jliJ! CjJjJI Jj^oC- ^0 JuoIj-o Uaj ^^.J^ll jaII ^j^oC- Jaijj 

4xjjuo jjofljj Electric field — ^^njaUaL^I (JW^II 4_^JaL<i (_£« 4 l! 3^5 — Rotor_IL 

4_aUa Jl 4_Jjjl_SJI 4_aUall Jj^jj (iLSijj 6 (Stator) CijLjII <jjl CjLaLq Jl liA Jaii9 (. 4_lijJI 


(jjL cjj^. VI JJI j-Q 4 oh-v ^ lo Jl Ja*j uoJ ^Jl 4 jl -n. j\l JjJ| CjUa^d jjj 4 j uol uol Jj J JiajJ V 

IjlA JjIjIj ^ ■. >»1 ^11 Jj]| ji.ljl ^^9 Iaj1_uo ^ II ~^oll JIa*j_uoI jl^ -J 5 • ^jjl JjI^jj Ja3 


4 4_jJ^JI JJI CjUaa^ J Lji^» Jjjxj ),hl 4 j1_^HLqj JjjjjII _uolj L_9l_ju£l jl VI 4 jjl 
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^jill ; j^jI jll 

^s\\ kk\\ UjUaj^j ^^Aa (. aJj 3 juj|^ JjUaj ^^ic- LaJIc. ^a^j—aj JljjV ^ail) jl L^c* jAjj Aij 

^ 59% t s.^vull CjLV^I ^ %50 3 ^A Aj _uull & ja jJbjj c filial I aJjj ^ ciiliil! 3 A jj£L 

6^a <^a ^AkiJ 4 _jjujj ^ l-ujuJI 3) 4 )^vLa l_i^j ^a % 78 32U3 6 Al^JI 

- -N-voti ^ja )Aa, Ja CjlilnaJ l^jJl] 3) jA l-bAaj 

* 4 1 A 

. J>/1<1 ^^fll) fhVnuV ^jIjJjuoIjujI ^jLiKAiA A^vJJ 

^jujIjujV) 3AnaA^3jnaA ^ 4iiUa]| ^jL^a-a 3A Xl 3A 3 ^) (Jaaj V (jVl 31 V^l • 

. ( ^.liijuaJ SjUlJ) \a ^ 

V 4jjIa 3x^0 a ^ 4jj^]|j c 4Anl] Ijj^1j ^jU^aAll 3!^) 3A 3A ^ jfi 3^ ^ajlll . Lijtj # 

3A 3Ja 1041 (AjIajj) Igjc. 0 JlL ~«votK <Jaxj 4Jaa^a 3 A 4x-1_uj Cjjjlaaa. 1 ^-tljla 6 A^aII 

.C0 2 



A.ijV^.i\\ 2.1.1 

Uaj^a. 4jVj 4Jaa»A (JlLoJ ^£a!I 1 — 2 (J^ ^ (JvLa. 3 A 4_La_ uUa S j 9 SjjASI £> jlA 4 juIja IjL^n^ 3 ^aj 

(_£^) t 3 A lAilaJ (JLia]| IAa ^ 4j xtil_ ujV) 4aUall jJ_uoo 3 IA c (J^_Ai]| ^_Jalj 3 A La^ . I^jjaL 

Ia£ JjaILj (J-x-aJJ t 4 Aijjj1! 3 ^ 3 ^! jAAjj (^a 3I ^tljl C 5 ^ 4_AAaA_xAA]| Sjl^aJI ^LijV ^>^9 (J^A^ 

4a1c' (Ja.Aj (_£al) i_J 2 j^a]| (JAa 6 ^A SAc-LjaaII CjIj^a]| (_>a*_j (J^ AiUj 3 ^la 3 .IajLjuj 

^ ^Aaj_ ujJ (3^11 A^joU jg IaJ IaS .SAiAa. SjjJ $.aJ 5ja ^.IaI l! 3 ^" 3 < Aj£jj3 4 A 13 JH 3 A 

. iAILIA Jjax^A]) 34 IH 3 A ^IaII Ll^Luj 4AjLuJI 1 0 n^" 11 4 _AaC> 



- 4 li-v j*\\ CjIA 3 ^a ^jjA Axj 1Aa.V l^ x> 3 *ia 4_ii_u-afll]l SjjAII La) 


59 



















































































djSl! CjU*^) ^lai - JjVl sjUII 


a ij\ v A\ - A j\.j.idA 2 . 1.2 


: 1^_Lq ^)^ju 5 jj yA S^c- d jj]| CjI a\ jlj" 


Ajdx^ajsVi (Ja2I (^JjLujj ^jkyy a^A 4_1 aj Aly^uy >^ixi L-J^aII .1 

. aj^jjII fiU-Q (j-o Sjjd Cjdd J! c aj^ 21 (jV aj^jjI! j^L-a* (j-a cj^aII .2 

. (J-g l_jja11j y\ ^)ladl ^Jaijjai z> Sdc. CjI a\\ a^A did 

J)£|j-cj . (Ja 2! Jajln'V £.Laij| C_Aj]dj yi2 jj] 4_iJ^£j| AiUall dvL^lid J)£]j-a CJ^aII . 3 
.4jc. 1 n«d]^ Cjl*_Aad]j Aaj^joJI (j^dl Sdc- dy\ >nV 1 



2ajU.i\\ cALA\ bAi^ 2.1.3 

I ^jJJAJjiaJ dli ^'IaUjujI £J3jJ 6 l$J*U£ (jialA^M ^A CjUaadl ^ C > n* 11 

S-jjja! S^jAAdl AiUall ^_CaJJ 41a j c 2 — 2 (J^Cill x.ro's\j 4_laadl bb^A 4_dj^ (J>la. 

Iju^Cj a!j| _uJ| 4dl_d jladl £2kjj_^ ls~^^ CjIaj^xJ) (J>Lk ji t i3j^ ^ddl (jaA_d! ^ 


.Jj4 ^ S^d Sdc-V 

: (j^Lojj a I^^aW S^Udl <j! 41a 0 jjjuC ciua. 6 cjVVI AjljjU j^jj ^IjI! L_iid! 

ri = (l-^)xl00 
1 1 

4_j| duaj t (^ ^jjjIjAxu LaA>l£j jladl T 2 J (Jddl jlad! Sjl^a. ~[ 1 CLua. 

^jlj]| (J^IaII CjjjljJC-Vj JaJ^-dl ^2kjLdl ^)L)^ U -0 (J5l ^jl V 4_2fcjLdl CjjjliJ! 

c AjxCL-aj CjIjIjjc-V A^ia 4-^)4 550 jg djj ^jl (j^oj V AlkljJI CjjjUJI SjI^j 4 ISj^ljjJill 

.%64 j g djj V ^JjiaJ S^U^ (J^ CaJ AajLoJI ^J^lsLdl (^jiaJ^dlja 
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jill jll 
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T 2 = 20+273 - 293 K ► 

Ti = 550 + 273 - 823 K ► 

Efficiency = ((1-293/823)* 100 = 64.4 % ► 



AaJJU 


2uj\aLA\ 2.1.4 

a a'I cs - ^ 4-sj^^ cjUo^oII a2 jj S^a 

S^aI) ^3 1 aK“ 1 n^\\l oLlaII 4_AijJsiIa J)_1^0 7^ LudLuol (J ^Jjo1a]| . 1 

^^All jjjAAj 4j£^. 4iUa J! 4iUa]| (Jj^j (_f~ (JjlouJ) .2 

. a!jaJI y ± jAAj ^jAlLa 

. 4iUa 4^1 £ia 1! 4iUa]| (Jj^j (jf* (J^Jjoia]| ^aaa]| .3 


La I . 4_3jLk2! Cjlk^J! <jjAAJi]! CjIa^a (Jj^aMb Lua 


.cUbll ^3 (3u^o* i\b 150/ ^jjjjAjS 
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«ujUdJI QUaall 


I 2.2 


(_) ■ ■~ t ' ^xj]l c-La]lj <L£)UlI1 jj A_la^-o]l ^Bl^d ^ l^A ^y t_ 

S«.li$ ^lc- V ^>LaVj^ L_ij|^_udil Llaj Ul^. ?.la]l L}^'. 1 ~J %99*5 4_iUij 

^_iAaljjsVI ^>a*JI ^1 Iaa (jAjj (^>aj) (J^la ^1 L^'-^P S-^li_^1 aAA O ^ 6 4_1ijjj]|j 

.4 Al^x a!1 4aI*JI S^U£il (Jjlaj ^aJ (JAJ 4 4_ilJJj]| (Jjj-3^ 
L_ij|jjaJ|j ^>IaVI 4_jjoij ^lijjl c > nx*n ^Allj ^k^A\ 4£jjp-A Ailjj 4 4_1 ^Aa ^^3 ^jaifi]| IAa 4jaAI 

.4 aII Jjxjoij 4_jIaj <ja SA^.1^ 4_1uj Axj I^Aa 4_LaI$ Ail jj SA^j ^1>^! C5^ jtA*pl 


4a£Jj 4 a\\ Sj1oJLq1\ cLlaII ^)j3jj ^jC* V^1_joia JaflS ^_j_u_il 4iV 4 > .obA. 4 _±aAI L-L-x xjj£j ^.iIaJI (JjJ ^-3 ~ jaiftll IaAj 

^A L-JJ-juoII 6Via! Ai^pl ^Aj^-^aIIj 4 ^l^jl Wj) ' V ^cjIaJI (JjJ C5^ 6 C_Jj_jaiil 4 jAC- oLia ^t±jl ^jc. V^-Loia LxAajI 

dJj j! caaIc, IAI l-jj ^ nn V ^ll*Jj t distillation units jA£A\ cjIa^j aU ^^Jl ^JiJl ^La jj]a& 

jj l~i8 ~ilL 4 jAc« ^Ija ^IAjV 4 ^\1 (J^i^ (_£^kl Sja <A11^j_ujJ cAj^£]| ClUa^A ^ cilliA SaIjaII 4jjj^£JI 4iUall 

. ^4jajojj]| aA^J jlx^a (jl (jVl 4 £.Ia]I^ p.L^£j| S j l j 9 IajI^ ^-axuj <A1Ua Sj]j^) 


:^lVixJL^\\ 2.2.1 

4_1jIa CjUx^ ^Ac. cLiaII ^palLj 4 fiLixAl c > ^ >ti CjI ja\Ai 4_La uoi^J "A1 ^a ^IaII c > ^ xxi ^aJJ 

(^jc. cillAJOiVI^ (jl x.oC>y I (JA VjI ^JJ3 4 ^vLaVlj ^ a)^1|j cillAJuoV jj (jl x^l^VI (J^IaTi L_lj|^jalSI 

(JaaJJS (_£^j£j| AKAaI) IaI 4 Cjl^k xmjaII ^jc. ^aAoII ^ja ^aJJ ^aJ 4j aII CjI^J_joA 1 (J^asU (3^)Aa 

.^AjjIA jjc. ^->La) j AjjIA ^>La)^ Ji ^>LaVI ^ 

Jjc. vLaI Jl 4 jjUaj£J1 CjU^aI) (J^aau AiljJaJ ^Jjla ^jC- I^Ia ^aJJ3 4 aj!A ll ^vLaVI _3 

. 4jjUaj£]| FiltOrS CjI^juj^aJ) Axj I^Ia ^aiaa]| ^aJJ C5A5 

Ig-iA _ x-aa]| ^I^aII (_]£1j (jc- 4_^jllll ^J^IjlaII Aj _U.ISI ^jc- d^jIjc- LaIIc- ^jac- ajjIj _udll 

.Filters ^ & aa ^ 4aa*a1I ^jja! ^a ^ a_sjSa!I 

? PH ^jA\ Va 2.2.2 

jlS IAI U ^ill ^UaII ( power of hydrogen or pH) ^jjkjVL ^a 

»V jl3 Ma ^al SAC-li ^al \ >4<a\ (_)jljaJI 
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j2l <joiAiA ; ^1 jll c_j2£1I 

^ 2.5) V^ll 6 ( 2*4 )uj*M jjx^oc. (Jxo LjaLo^J V (j-<» (J5I PH 1^1 (JjI^^joJI jiV^ 

<j-a ^gjlau (j^aA-Jilli 131 4 4jJ&ja L_ul^J! 4jjJa-al^. 2 sl^V . ( 6«5)l. lj'^11 6 (2*9 ) (Ja2! 6 

. L_ui^Jl (Jj2j ^Axj 5Ax-all 4jJaj-a^, 

^ 7 * 7 ) 32^21 S- 2 a (J3-a . AC-ljli 3 I U 3 I 3 V^l^-a 7 (j-a (^j^C-l PH 42kjJ l^J ^21 (Jjljjaill 3 JLAXJ 3 

. (9 ) All I (jjjl^aj 

4^p Ak- ^^jAill *221 4_Aaj)-a^ (j^LajJ 6 422u-a jm! ^^5 7 = PH 21 4 _ 2 kjJ Lai 

.4jjla 25 S 3 I 3 A. 



,U\ PH __\\ a-c ^jlxhv V> 2.2.3 

(j^LajJ 62 -all PH 21 (J* 7 -1 (NH 4 jA12u 3I 121c-) *221 AjjIb S^La 4i2«ial 3 C. 4jAx 2I a2-a 4_^2 Lx-q ^jjj 
CjLjIaII jj£I j22all ^)ilxjj .c__21^221 Jaj J212j 4 J£21l jA*-a J2 l&Ak j 4 (9~^9.2) 2jj£j 
( x^a 2jj-aVI (Jc-lfljj i~ n^v .4jtijj-2l Sj^pJI Cj2kjJ) Ak- IAjI^aLujVj IgAftl^j 412 l^laj 4_2 ax1I &3a La2Vn2 

. JSbll (jA*-a (Jaj J212 3 (J^2lx2I aluA£! ^.Loj 3 Cj^ *^VI 

NH 4 + 0 2 ^ NO + H 2 0 


^gic. jj 2 a 2 l 2 )j£j j! Cj2j j 4 j 2 l J £2 ( xJ-oj <a113j Cj 2 > 22 I^ Cj2j j 4 ^2 I S*U^ 5a2)1 4j> 22I a 2 -a 4^22.* ^±3 
L_i^)-a ^Iaajjuj 2 4j>22! & 2 - 0 J ^j-ali 2 l PH 21 ^a2I 3 c. a 2-21 4_^22_-a ^jjj .Sjj^il 425211 ^2a jujV I 
(JAsla J2sj ^ic- Ac-L ojj ^pll Cj2j12I ^cjjj 3 *221 £^a (Jc-Iajj <^311 Na 3 P0 4 ^ 3 x^2l CjLLo^ ^Jv2 

.jsblt 

Na 3 P0 4 + H20 Na 2 HP0 4 + NaOH 


^jjJjj^all Ajjui^jAjA ^Jj2a 3 C. 1^2^2-a ^JJ ^_9j-ui3 6 2-21 (jjaLa^VI C_Uj£j 131 ^2212j 


NaOH + HCI^ NaCI + H 2 0 


Ca\jViIjL\ 2.2.4 

a *22 ^j-a a£ 22 *221 (> _ 5 2c- CjIj2aa,VI (jiax j p-|^I <a113 axj 


:4_iL-aj2l j2jA.I — 1 

42221 42jj^3 j22 c212j 4 4j 5J ^2^-21 ^jj2_2l j ^-vLaVI 4jjuaj ^gic- 4liiu^a jj 4_2kjJ ^ Juuxj *221 (j! ci-UA 
.^Jj2l-2Ij ^vLaVI fiAA 4jjaij 42 ^ 4jAaAA-l2l 4 j\j l j2lj 4 4_2lc- ^jJ2l-oj ^"vLal 4 jjoA >^ 3^3 C 5 ^*^ 


:4jjJa-aL^2l j2aaI — 2 

. *221 4j ijlfillj 4 u>>^l-v\l 4_^j4 j2lkl ^jj 41vLA 3 -a 3 
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<ujU*JI QUaall ^ fONtfJI 2.3 

6.4A 4iiUa J j3 ^]| ^9 4_lal£JI 4-jjl^JI 4iiUa]| (Jj^^j lAA ^j-o ^ xtij^l c_9A^JI 

. lLiUjII (Jj k-saftll ^3 L*\\j) jij.Vuiij 4 4jjj^^ 4iiUa ^Jj Al] j Aju 4k£^JI 4jjUall 

jHa AjUaj L4 A9 c 4-iibiL^. Sj^kU *UjUjl »t>A>Vt ^>ui Sjji^ji :l±^. 4-alA Alania 

. Allj 4ia^La ^jii c Ajgjt ^uAj IgJ CaUa^ajl u n) Sjjj^jb tyajg Jafi3 


I (_|xujjj ^juoaII A-UjjLujV ^ Cjlj 

\ ^"1 o-n. \ /\ ^ 4_3jL^i]| 4_njjli]! # 

c O^aW • 

Auxiliaries aU^A\ cjI^L^ • 

. I^J 4 CjU^LJ) 1 ^j\j 4 jjujLujV 1 ^)A^aUxJl (jJajJU IjLlUjjj 


(Boiler) <uUAJI 2.4 


^-b-a ^Aj 3-2 c5-^ 4_5^ S^C. ^ nx> ^jC- SjllC- 4j>t*JI 

jlkJi Ail jj 4j>L*J) i^AJUj . ^9_>^ 4-3 lc- (jk)A* J)aajj j 4 4 

. J j9^11 3^* (J^D^ 3 (jc- 6 JaiuJaSI 


j Ijj^j 4j^1g 4_2kj^ 540 4_2kjJ Ak- ^cj 13I jl_kJ! j 4 ^Vnu^'l Jj9^11 ckvlAkL 4 j> 1*J) (, flh*sj j 

3^» (3^4 a (jC- 6 ^1*11 3a*_Aall ^ ^)Lk3l -l3jJ LS^ 160 -ijAa* (> _ 5 i 4_la*_Aa 

. 3j3j\\ 

Ailj3l CjIa^ JJlC- 4ijj^ lA\^a\ JIaILj 6 4AkA-a l^J 4_JvlA (_]£j 4 l^J 4_j-^alk 4jvlA l^J Ail jj SA>».j (_]£j 

^jLluj Lg^ 9-2 JS*s) AjIIxSI ^jklAAll 4 a 
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Secondary 
Air Ducts 


Figure 2-3 


LoiS CjI a£ x2) yA JlJlC. yA LujLujI 4_j>L*3I yy£jUy 


(Furnace) 2.4.1 


3) CjjJjLJIj LoJ 4 \jx 2Ti ^jj J jB 3]! J.1*xg 333 ^^ic. (_££iaj 4 _j>Ic. (J£ 

.AjjIa 1500 JJ OJ^\ 4 ^jJ • 

3 1.1a ^3 yflXlA Jjjla 18 CjI a\\ ( ^3 (Jj^aJ CjlijL^JI 3 ^ .1.1c. ^Ac. • 

.(JjjUa ^^3 4 x>j)^~n ^ (J^ CjIcjjxi'S a CLjvIj ^Aj ^jAxujaAxi3 

s..i2 .1333^ 3V3JU2I sbl 3 03^^ $..i2 ^,^n>ri (Jlxjoil sta! (> _ 5 Ac. (jg<)*Wj (Jjjla (J£ • 



Figure 2-4 uj^ 


Lo &3 Draft Fans 33 ^ju^ ls^ ^*^3 l)^ 

^( 3 ^ 3 ^ 4atlaj Loj 4-aLaC. .lljLoj 3 C ' 

.2aji-Ja-a 


^3 4_3a-o . 1333 ]! yA 5^1^ 4btoWNf 1 3 ** 4 b-v *\\ AjV 
4j3*j 2aa CjbjjL-ai^ 3 3^3 .4 — 2 (J^joAI ^3 Lo^ Cjljj^a 
2a*_jJa3 A^ayl 30 3^a3 33 . 1 a C 5 ^ ^jliAlj 4 Ai^xAl 

2 aa tilljA ( 33 ^jjoi l_ 21 * 2 I ^ 5^3 • 3 b 20 3 ^* 2 ^ 

. ^ vlj-o CJ33I0) J333H yA ^3^) (Jj L ^3*4 
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-v 'll e-Lall (J ■ 



(2LjljiJI jJJjll ClLa_«) J^all - JjVl lJJ\ 
(Drum) 2.4.2 

(j>i ^aJJ 5-2 <^9 Laf£ ^ ^gji^Iajuo) c-lc^j ^)C- SjUc. 

C±joj ^ajjJI '3 ‘ ^Jjl* ^’1^1 LT^ ^)]>°! c3 J J^ 3 

j)jl2k, C5^ S^A^I Ji c . <JV k ^ ^aJJ l^J>Lk (j j* 4j'flxti 

.(j^ill .ajax ^ i _ 5 2aiu 4_U^ (jj£j C5^1i 

JaiuJall S^Lj AJU ( ^i (jLa>U CjLoUu^a 4 jujI .l^kjJ 

man-) Ajlj^'l 4 _^j 9 ^ajJI ^ ^ajJI (J^l^ 

.( hole 


Figure 2-5 Drum 


(Economizer) /a^\ 2.4.3 
C .AA ^aDVnub ^a^J j 9 4_2lc. 4 _^jJ (jj£j AjvliJI (J^!^ (j-a £c2jj ^aJ)l*J]j Cj]jl*JI 

a £\^ 1 \ 4j>^ (j>i (Jiij 4 j>L*J( Jl (Jj3 Uj-Iia lilk *aj £>b-dl ^ikjuoJ ^ CjljliJI 

.4jjI j*JI *jj^ *jkic c >u^ 6-2 JS^ll ^ Drum and Economizer —II j«-^j .4j!>UJI 


drum 


-1 i 




ECONOMISER 


furnace 



Feed Water 
Tank 


T 


Feed 

Water 

Pump 


Figure 2-6 b-? ^ 3-i/i^ai \* \lj aj^JlU 
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jill ; ^2 jll 


( Heaters > f A;< .A\ 2.4.4 


i LaAjjj>4j 7-2 4_LA£2 4jjlk21 SjjaII (j>& 0 ^^ 6 Heaters 21 ^ja Uj.2 


2* *L<21 4jj^l2) c2vn xuJI c>-^ t (Low Pressure Heaters) -1 

(exhausted steam) c jou 21 ^)l^2! 5^2^* 2*^^2 (3i>^ e-^2^ Cj~^ l ^ ^j^ r -~ juGj 

a2& (j>a .llflLLuiiS ( 5^2^21 jj i*\j 213 ^X 9 l21 JaiuL^all 4 _iijjj ^ja l^2]| ^L^-21 

.7-2 l& 2> (deaerator) 21 6 j 9 >q 2^ s-tx 2 l ( ^ 5 i 
<.—9jjj_uix 2 ! ^)Lk 2 ^ Cf~ 2-21 (JjSi ttn \^%L ^ja ^ajj £-l&j ; (High Pressure Re-Heaters) -2 

. JUJI 2aiuJa]l 4ijjjjj \^W 2a*_jJa]| 4_njjj ^ja 



BOTTOM ASH 
HANDLING 
SYSTEM 


REHEAT & REGENERATION IN THERMAL POWER PLANT 


s. Entropy 


Figure 2-7 AjjLk21 
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(2bj!jiJI JjjJjll J^all - JjVl t-Adl 



Deaerator_ \\a*. 4>3 2.4.5 

£jj ja c 8-2 J£i) Deaerator Jl 

CjljliJl ^j\j ^ ■ .i^Vl 

4j>UlJI ( _ s ic. (J^WI S.LJI ( _ s a AjIa« <j£)i.yi 

Ijb^al! CjLAaC. Cjj.la. L - ^ nj (jl ^j^QJ ^Allj 


J! (jiauud^VI 4jjolj cilia, .4jV^» ^11 


. 7ppm ^ 


Figure 2-8 Deaerator 


Chimney 2.4.6 

^ .2jAa ^Ac. tW AjUJj^aj (_0l^aAI c_J^Jall 4_C«^j_x-*a>a (_)^_jAI Ajji^ia_uA 4_la.2La]l y jj < N~ 

^jIslSI ^c|^a2 • 4 !■>>. xALa 4 Jala, 4ji2I ^ (JIaslSI ^jC> I Jjjlj ^Alc. ^Ac* £.]^AI (_gA| 4_aI_joAI S^a-aVi 

4il_jJaVlj (_£^aAI S^Laj ^Al JJj Lua 4j^i<a 4_ajJ 390 (J a« aj 4_Alc. Sj|^a. 4_ajJ Aki 4 j> 1*JI ^j>a 
Air ^jAc. j]j-<aJ JJ Uia Ujlfl t .^un^l (Jjl jlc. (j^a 4 AjIa Cjli<a£ ^^Ac. La^lc. 4 j^£ J! 

(jia, La£ 4 jvL*A1 4Jj _a.J (Jj 3 cA^jl (jj's >*n 4-2UAI 5j|^aJI 4_aj,i ^><a ^IaL_xjjj cilia. Pf6 — h63t6f 

_ uaV Filters oU_ i^a ^ ^UJI ciUA ^uj 4 Economizer jijJl jc. diuaJI 

£c> £^aJj ^ ^l*JI Sjl^a. 4^sxjJj .JaI _iJI Cj!A 4ia.AxaH ^j>a ^g^aJ) (Jj 3 4ixa 5)1_iJal! CjljliJ) 

.^l*JI Sj^a. c^ nun 4_xa2laJI ^><a j^aJj cl^ (J&A SAa^l) (jlfl VI 3 4 4_aji<a 4_aj^ 100 V 4_aj^ 

C_A.laj £jjl^ 4_ajAj^ ual ^j^)Iaj ^<aj ^>0 is^ 6 4xua.]| _Ji 4_laa^<a ^a.lAAl 9 — 2 (_)^ 

(cIjIj La^ixa 315 I 4 I 0 l£ S)*^5 



plglirC 2-9 ^ aaj A^jXjl l^^uj A^a^_a 
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jill jll 


aV-> v\<A di \^ 2.4.7 

5j Compressors < Pumps oU >>*a\\ ^ A Ac ^jc Sjhc dAAj 

(_ 3 ^ S 34 A.I (Jj-q 4jjj^£JI (jiaju j (J^ ^9 S^aJI 4_i*jA ^ t Jai-Jail (Jjj\j£ 634 a. I (Jj-d 

. IAjjCj 4 SjAaII (JjjIj 9 j t jLnll 534^)3 t 

l^-Loj i ^LcJI <- > ^ ^ 14, CjUaa^lj cLlaII Cjla ^j>a ^ijjl SAC 1AHAA3 

jlaj Jax Jail C±aJ 4*^ >tn ^aJj] 4_i]lc 4_xu9 ^Jl s-Lall Jai Ja ^.jjjj CjL^-jJaxJI 

Ja*_jail Ia&3 ^ ^)L 225 — 180 -la*_ja ( ^ 5 lc (3 a*j Feeding Pumps 4 ja*a1I cj\ ^^3 

£,\jj4£j\j (J^sju AjJIjJIj (JjjaIL (_|aaj Cjla._jJa-c ^4 id (jljjl Cjlixilla 3 lillcj p-IaII 4 j (JaAj 


(Turbine) 4 ** 4 >dl 2.5 


^^ic AJlljjjII jAil (_)aAj (^aII d\) j)\\W AAaj Jjj^Ja {^> a!^aII A30c QI33A Cj£* (J 3^ _ujaII s3a.ll 

lAj3^ ^ Jja. (J^jIa (J^joij (A^aAi 10 — 2 (j-a AAc (j3 ^""3 . 4 _illc ^Jlc jJa 

AHjIj 4 x* 3 __juoJ AijJjill ^3^ (,_ <3. > ( AAjJ^llI A P-3 ‘ a ^jjoAJJ aI^aII ^33 ^ t ** \ ^^^■ AI3AIIJ 1 \\\ ^ \ *\ A \ . ^ 

, Ajc. cjj^JI c5^' Governor 31 ^3l>^ ~~' ^^31 ~~ ^ . 3^31 ^ic. cjjIj 3 ^*j 


150 5j3j CjLnjjjil ^^ 2.1 Cjla^al^o] ^j^aj 


RATED OUTPUT===* 
STEAM PRESSURE* 
STEAM TEMPERA TURE=> 
RATED SPEED====-> 


150000 KW 
88 BAR 
799 

3000 rpm 


MANUFACTURED IN 1975 TOKYO JAPAN 


:^L 3 I 4 j>Ij J! <Lajuiita 


. JUJI lajt. 31 4iijjj 
. i-> ■ Qjjj 31 t.* » 31 4iujj 

2axjh^all A—UJ^J 


JjVi J 6 Sj3j^all ^ L-Ajlcj 143!^ ^3)3^ 5 Ac- ,T)C SjUc ^ ^joj 5 (J^3 

63-0 4 _Jvl*J! ^ 4 _L^ 3 a 1 I A_su j)\ ^ ^ 4 _j 540 4 _ 2 kjAj 6 jl_J 160 4 ait_JaJ 
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(2bj!jiJI JjjJjll J^all - JjVl t-Adl 


. Sj|yaJI 4»a*jJ j jL 40 4a*_Ja < ^Ac- 4_ijlA]! 4 _L^a]I Jjjlj 4 4iUall IAjj-q l_j _nai^M 

.4^laJli ^jAa 800 (j-o S-L)^ 4_njjl]| ^Ac. 





Middle bearing • 

™ Stationary part 


W 


sr 


Shaft with 
moving blades 


High-pressure 

turbine 


Low-pressure 

turbine 


v 


Figure 2-10 


^ eliii jl\\ ^\Ahi 2 . 5.1 

6 4_Al*AI Sj|yaJ) c-ilajj tillSla.Vl £_L<A C-U^IL c^UA >Lg ^jjj 4 -la^j 

. 4_njjl]| Jj^oC- 4^ya. ^Ac. ^c-Lujj cillA^j £>Aa Aj^jj ^Ac. S^LmxAjj 

4jjoUJj dlLa-jJa-oj 4 ^^Ac. 4ia.lAj Cljj (jjyk (j-a <j j£jj C_UjjlAlj ^j-aLa. ^aUaj j 

CjLauJa-a Ljajl 4 4_iijjj]lj A m a (j£Lal ^Aj 4_*_3 Jj CjjJ}]! c > ^m ^Ac. (_Aa*jj 4_iijjj]| Jj^oC- 

(jc- jlnl! ^UaAjl Alt- (_Aa*J I £_£j]jAa]l 4S k^xa l_>Jaj| 4 jIaj ^ Vu^n S^Lmxi 

. C_u^l! cjjj-o Jlxj ^xrs>a ^Aj 4 _x_3J>jj > ^ ^^ ^ajAj Ciia. 


. UaUaJ *. Wj^\l JJ 4_i3 AA^joua CjjJL^ 4 4laa^3 4_a^yaJ! 4 ^ lVi VI jy*j ^Uaill lA&j 


J-^^A 2.5.2 

—alibi ' V- 4jl (iUj *_n—Jlj c (jc. S.l^j]l ( 2i aJ Cjljj3 (J>Li I «j?i . aa 4jjj_)j]l Sjl.il - zaC. «.lib i_taj 

<^l tpjj Ijisj cg^i*Jl (_A—ill (^ja (Ja*_xu ,^yjj Jj-a*AI (^y& ^AjLuAI 4 Ax^aall (jl A^kj 4_njjlil! ^ 












jill <joiAiA ; ^2 

4_2^p (_£^11 uTi gJajj 4_1 ijjj]| Jjac. ulx9*^ 4 jac- ^ g-1 W il s-j^l <2 jjA^, 

. (JiLail (Ja j (Ja Jja*JI Jalfij ^ic. S^)^2I 



(Condenser) 


I 2.6 


4 k 'si ^uaikj ^l^ji C 


4j^U 11 i vw ^ ^cjJaj (jl (_)j3 ^ja ( ^jj£j (J^LaaII 3^5 

.0-lL^Jl I ^jl\ (JA L-1^aJ jj 4J^JJ filjA JjjjL ^jC- 4jj|^» 4_2kjJj 


.2ja]| j)\ ^ 21 ^jajj ^>4^ ^ ^^.21 _$1 Jo^^aII ^ja SJjl2l ^Lia]! 4j| ( 11 _ 2 JS*s) < o^^tl (Ja£* S^3j 

(_£|I^JI J^UjII (J^jj-La — (_£^1 ^IaIja ^ — 5^)121 ^La]! ^JA 4JX^ll £>4& l^jlc. ^)AJ ^JJjalljA 4jjjj£j 

(jl (_^l 4_a>j4flA -Aj^)Jl2I Sjj J j! 4 lo^vyLa £a . l2&£jj ^ S^s^aII Sjl^il .^jl2l C-L2I (. t utn^j 



Figure 2-11 ^&^1 


Jl < i0£21 jLkJ! (Jj&jj ^aJ ^)2x21 jl ^_2I 1 g U^« ^nit Sj^pJI J^iaJ ^ ^aJjuoa (J^JiJ jJJtJJ ^IaII 

. 4jvlxil 4 *s jJa 4JXJ ^111 4 ^uJoa1) 



Figure 2-12 


( J^j) -4^)12] <43^J J 

t 12-2 (J^oJ! Ia£ ^vj^l ^)'4 ^jjuj! 

Shower ilij (J^a 2>° c-l-^l <***u^> 

^jU! c.L2l <. aj^jqIS (Jijoil ^ja ^)l_p 

. (JfijaiV 
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(2uj!jiJI I CjIL^) ^liSI J^all - JjVl (_jUI 


6^A (j-° 4_jJj L-AJLudll ^3 ^° (^5^ ^ x«Q3M Aftftjjg] ^llalLj 

.13-2 a^> 



Figure 2-13 ^;1jj» o* >^1^2 


O uoxj laJj ^CjjjLs^J-a 2600 Ja£3 CjI x3l Sjjj^a fijlAj 
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j£Sl <joiAiA ; £j| jSl 

LJayflid <yjU*JI Oj$jJI 2.7 

^)j£l 4 _jjIAaSI S 33 ASI 4_juo]jJ (jVl ^j^aj 4 4 ^Sb ^^bl^j^SI ^.ui.fllS 4_ii^aij]| CjIAjSLaSI 0 uajC- Ax_j 

(_)A.Ia I Ajj 4_Ll^&!1 (_)AJa £>IaSI A-La^j 4 jIaj <jl IjL^a ^jy* *' <>_9j_ ujj . 14 — 2 (_)^_AiSI (J>La* ^ja vb_x-aij 

^\j i£Ull J^Ia (Drum _ll) Jl Economizer _S! ^ oj 3 j* a*_> *USI Ja>aj d^ 4dUI 

4_aSI Burner_SI jjj^la {jf- c-I-aSI (jj4 ^Aj 3 4j>1*1S ^IaIaSI ^JajaJI ( ^ 5 Ja*j ^aSI ^LiaSI ^jjaI^a 

.(Air/Fuel) ajjIaaSI ajjoASI i** n^j Jaj* ^^Sl (j^LJI ^.I^JI A 333 SI 

jLkJI Ja*_jjaj 4 _ 2 kjA saL^S Super heaters caI ja2 (^jaSI) ^ja jlaJI lS^aaj a*_jj 

(Aj^ja 4_2kjA 542) Jl Ajj]^ AakjA J_i^aA d_na* ^j^a^-aSI jLaJL jIAaSI lAA ^gA_ ujJ Anj'V jIaAaj 

(2^aj/^^ 105) Jl 4-Sa*jJaj 

(_)^ajS L-j^ilauJI L . u ^ jti\ Governor_SI cjLqIaj^ (J>La. ^ja ^oa^aSI a21 Iaa ^>aj ^a 

a1aC> jlaJI ^JJ (jl Aau ( £3 AAaSI jlaJI lAA 4lajail^J Shaft _SI jjjAj 4 Jlxll JaiuAaSI AAajjj Jl 

^j| \\ A3 I_Jajl Ja*_Jail (Aa*jA 320) Sj|^- AaajA ^)S-^4S ^}Aa ^b-SJ lai_‘AaSI AllJjJ lI^^A 

(V“/t*^30) 

4)4 ktfi SaIc-V AjvUlSI Jl (_£)^»l Bja Exhausted (AAsUa ^ Aa3 ^a]|) l_ 9^jj_ ulaSI ^L^aSI Iaa ^)aj 

(JbI li» x>i Aic. 4 ^jj ^ jlaJI I^Aa dua. 6 Reheater ^jj4 >*n cjUIa ^jjla ^jc. 

^jAjj jl Ja^V .IgJjbl (> _ 5 -Sc. (Jajuj Jajoa jAaSI JaiuJaJI 4Aajjj ^1 jLaaSI lAA (J^Ajj (. ^1*11 JaiuJail 41ijjj ^ja 

.JaiuJaSI (j-saAJ c > )Uj>n 4_La^)ASI (JaJJ (j-<» 4_i3bS! 4 _L^)aSI 4_njjj 

JjjjjdSI ^a 4jj1jJI aJ^jaSI ^11 S) _JLa 4AajjjSI ^ja ^S I aJ^jaSI ^ja ^)L^aSI (_)^*Aj CjIL^aSI 0 uaatJ ^3 ^ 

dld^aj A3 4 -ujjjSI d-Ua. laSI Jai_jJa]| 4 _L^ja Jl S^joiIia jLaJI ^aJ i jlaaSI ^ja (_£^l 4 ja£j 

4aijjjSI 4c-j_juo (Jj_k^aj 4j>dSI 4_njjASI ^)ld-iSI j$ Cj^ ^jIaSI j^ 3 I^Aa ^a^)A ^J)C- ^_L-a3! ^Jl 

Ixjj diSAj (3^)^ 50) CJ^llaASI AAjjSI (> _ 5 -Sc. (Jj) k^i^sIS 4_3^1SaASI 4cj_juj ^^3 4Aj3aSI ^^3 4iS 3000 ^1 

rj^jlAlS 



p x n 
120 


. s-lj^£i! a 2Jj ^ja j Rotor Jl (j]d 9 *^ L 5 ^i aIjaILj 4_njjASI -Sajj ^aJJ 4c^)jaiSI 6AA AAc^j 
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jSl! caU*^) ^lai - JjVl sjUII 


Flue Gas 
Boundary 



Water 

Walls 


Burner 


Fuel 

/ 


Air 



C 


Ash handling 


) 


Fuel pump ^ 


Fuel 


Air 



Electrical Power 
To Switchyard 


/-“- 


L Generator A 



Reheater 


Economizer 
Water heater 


Air 

heater 


Forced 
draft fan 


Precipitator/ SO-. 

Fabric filter Scrubber 


Induced 


Steam 

Condenser 


Feedwater 

pump 


Fresh Cooling Water 


Figure 2-14 FiFiS x i 


Jjjyla (Jp. jLiJI l CLu^ { flVCxAl 4jaUa <JS CjAAjj _uA (JjSj <jl AsU jlk-A! iAI1a A*_J (JiLUJ 

AAasuJa CjI A ksus ^IxAl . CjIaLq (J>U» ^xuj £y* <■. ^ u>n AjU £.Lgj aAjyijj AAasuJa 

abIaII ^jAajjxj ^Ac. (J-osu Deviator. 11 ^Al l^-Laj w\i Jasujall cjIa^jom ^Ac. 1 a! aslLuA 

Jax_Ja AjvLxJI AjAslj 4-ixAAa ^A1 (_)^.Ajj 4_a*jA 270 4_a*jA Aic- $.1x21 SjjAII aAA s-IxjAI 

^ Ljajl ^Loij (Economizer) jajJl cAUa asu 4j!Aj21 J^Aa L_ijikx21 U* ^1 *121 

.Saja^. Sjj Aj ^jaII <J*Aa Jl $.L21 ajju .^1^21^ $.1x21 a^ja 


2.7.1 

(JLjujjLj ^aJI (Management System) aAo-jojI^j & Ax^-jolj (J>^AI •> ^1 saLj aj! c <a ^**^1 ^jj 
JLjuoj! US 6 aj^UII J! jjSI ftUxi a^S J^aI (Feed Water Control Valve ) ^ JS J! S;LaA 

AjB^ll 4 j-$S saLj! *[^AI (_>ijS cjAi (Forced Draft Fan) hj\ _uA21 (_>^ 

aIajj (j-oj t Aiijjiill Jl jUJl (jA ^jSI ^qjujj (Governor Valve)_I! ^jIb 2 >a 3 ^ 
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^jill ; £jljll '—jUSJI 


ly» (j|pVI Jl *j*i5 SApaJl Aiwa Electric torque ^ ^pa. Mechanical Torque 

•L^ 


b^^\\ (^.j2.7.2 

( 5^1^ 4_2*jAj Ig-x^AJ jl (jjjjJl 4 cjjuj SaLj Jj-a j JlLojJ La Uaa. LlijJLi. C > iu*n 4_ilJjj]| !L! 

AS I Laj 6 L-AJjj^aJ Ask^J V 5 (jjjllc- JaxjJaj Sjj^. 4_2 >jAj 4_i^ aIjj (JIjjV (Jj^oaII Axj 4jvL*JI ^jli 

jj 3 Sj^ aII (JLa£V By-pass ^Luo-a <^L ^ic- <._\\j ,4 j>LlSI ^jL^ajI ^Jl (_£Ajj 

.4_njjlill Ajc. VI ^Aj V ^ilx-a CjLaLaj^a 4 j jLauJI lAA (jjSLj AliJjlill 


75 



76 


jSl! ^121 - JjVl sjUII 



45 dUJI J^aJI ** ^dUI 44 JI 



Internal Combustion Engines 


(jj^j (Fuel Oil) (Jjl uJ! cjVT <jc- SjLc. c _ 5 _L^\aS\ aJjjI! cjUa^a 

!i» >>» diljlc- (jf* SjIjc- j a!J jja t 4 m ^ i m*n ^j^JL 4_2>j-a Asu 

4jj i ^ Cjllj j jjjJu j-iLj_ ujj j! c (JjjAl! CjUj^Lg Al\^. ^ (AIj^j £_iLj_ujj 

. 4jjUJI Cjlij J jg j]) 4_!l^. Lo£ 


: lMp (S*J 

(4_j£^a]|^ 4laJjaull) 4_jjl*J! Aj]j2I CjUx^o • 
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jill ; J J 


diUflAo QA JjVI £^$41 



1 vi~iJ ji^yt j&i I^A JajoajVl (jjll.ll ^)-LlXJj 4 Ljjujj \1 4 jj^^ <jjL*JI Jj]JJ ^UAJ 

400 JJ (J_sjujJI (jjdioj _ uj cjJ^I^j-o 250 JJ 1 4 oh-y ^ CjIx_juj CjI j ^Aj 

S^Lsj Juc. SJslc. (Jajjolj j 4 (CjJjUa* 

cJjj^Ji Jcj ( 3*1^^ J^ lU*^ J4 5 4 jj L> J^ Lg)^ U^jJ' lU*^ J 

JJ £■ Ih^j ^J! (_£)Lk2! (jx&u (JISj S^c. j J*_uJjll 4X-J_ juJ fib J 6 ^LiJI Jafljll ^Jc. <J^l9 

CjUn'Sxill l)j^ ^ J t 5j^ 4JU*j V IJ 1—jJajl IaIjIj-q £y*J . CjIc-I—juj SA*J ^I^J^ J)j^ 

.iyLkJ 

SjjJ 4 a IJ 3 ^1^ jJJI SjjJ CjL^il 1 ^ -vl r^j CjI )nx>ll ajiA c- nxj Jllj 


^jjULa \jjjua3 Jjj* ^ jnarj 4_Luo ^ 25 • 15 ) Ia^aC- J JJ 4iLjaJ .4_^Ja 


: <ujUJI jad£*J| QUaaa ^U$£* 2.8 

^J-jolLjuJ Jj Lu3 . 15 2 (J^-JOllI <J ^-laj 4_jjl*JI J Jjll 4 l^_La (jJjJ ^Jl 4 j_jouJI 

*4j\jfc^fl*i S^j)x^ij 


Gas turbine power generation (conceptual diagram) 

Stack 



Figure2 -15 ^y 
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b 2 jSl! c^Uo^) ^lai - JjVl ^ 12 ! 


5 |^juii1j.\\ (jAiVi^W 2.8.1 


4jAac. ^LajV p£UI (J^IjVl 4 Air Compressor — ^_ uuj^I ^I^JI ^jjj 1_^ jmj 

16 (J_^^B 2ai_JaJ ^jAJj ^jL 1 2a*_JaJ 4_2I (Ja..Bj t (Jjlpa.Vl 

J! ^ 6 S^lkVI 42^x2) ^ Ljpj jL 10.5 JJ 2 a*-^all J-^ 5 ^ ^[pVI <J^a*J ^ 

.(16-2 (Jiui) ^3]jla.VI 4 -AaC- ^jjJ BjB^ll JataJ c_a^)C. 




stator blades 


turbine blades 


air inlet compressor blades 


Figure 2-16 


4_LaJjuu]l AjjliJl 4 jjuUJ^)]| 


(JjAj£1 I ^J^la ijf* S.la^]| ^1 V9) (Ja».lJ 


4JAJJ C 5 1 c- J-OJU <^ 2 ! (jA A^y^A JvLk (j -0 ^ 

^aliaj LjJaji ■ 'Wj) ^ 4 ^B (. ^ ^**vi juj ^pVI cJja.^ (jV (JjjIAII JJ (JaJ 2 l 

. l^ja 4 ^£]j1x2I 4jjjVI (J-g C.I 34 II jJvli c i?j?Vfn ^1211 (. fljlVn'l 


2.8.2 

4_x^ala. (JjLujj 4 lixnj^j Ijlx* j BjB^ll (j-o 2aj* *>>ix2l lifo'sj I^-aB j 

. jijj-o 2a*_jJa j Ijla. 4_2lc. Sjl^a. CjLajB ^^ic. 42^x21 C_)!jl*JI ££j|p Cj j£2j . JI*JjoiVLj 

i ^jjjiLila j (Jaju jq <.**n^j Annular ^i?\*v l)^P 4x- jjJaj-21 ^^gAaJ.21 *■—a^c. ^il $.1^11 (Ja.Bj 

4_AaC- BjB jl! £xa2a>tla.VI • 

4i^*JL 42a. ±i_a]| (jlj^JI Aj^ii • 
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jill <joiAiA ; £j| jll 

JjS j\\ ^Uaj ^jjjU£j| 3* ^jU.11 £.I^JI (J^Axi Ljl^. 4_xajULxi CjUa>b ^ja (^g-Ub ^)lAa. l^J AijjjJI ^ 

_JI j Diffusion Uaj US Ignition system JUaV! £pl> ^lk> 4i>J! ^ a^jjj 

Premix 

4_is ^aSI cjs^SI ^9 Burners Ail^SI ^Ac* aJS-* _^Vl s^l— aI $AJacb (Jl*_uiVI cJj^^ 

"Main Flame ^jujUjVI 3-L)^^ 33^4? 3^ ^Jl 3UH (Jl*_AiVb 4jL-aUJI ^jjujI^oSI 

4_laAj ^Ul 3^ J)Sj-aj (Jj^la L_i^J 3 C ' S^bc- Diffusion 3-3>^l ^UaJ SA^SI (Jj*_jAj 4jI Aj (_£-9j 

.4ij*JI $.Uj| ^jxa'v (3^>^ 3^ L xaj] 4_jl^j L_Jj3 ^Jl Ai^xJI Aau 

aIajj sa^U cjI^Uj^SI jijjjj 3000 RPM 33 ^ 50 ajc. aSj _uJI ^^Ac. sa^^SI (_U.Aj <j! axjj 

^aLlaj ^1 Diffusion (J^}aJI ^Llaj 3* ^Aj S-AAAc-j 4_2 >jA 470 ^l (J_i^A 3^ cs^i 

premix 

^Ac* 3^3^ (ji 33 ^ JjIjA^VI 4_iL<i3Lj ^ A3>*AI ^Ac> ^Uajjlj ^3343 jn/i^ l_i^J P re mix : 3-^p-^ ^Uaj 

4_^jj 500 Jl 3|p^ (Jj-saj j! Jl 4_2 ^jj 470 3ip *Uja a*j u- 0 lU-a Diffusion _SI ^UajS 4iJI 

.SaJI IgbVn 3|p 4 ^jJ ^kro^l 



Aju 


aJJI £xa JU Jai_AaJ Ja_^i_AaxiSI $.[JI JaU. 4_^_£u J^AaSI JjIj^VI Aip- (Ja.b Jjlj^VI 4-iUc. ^aJJ 3 ' 

1050 Jl (J l ^ a ^ Sjl^ 4_2 >jAj Cj lljlc- JjA^VI U3^ btjl uj l^jiSj ^1 Ljlc. b^j5^Sl lAA (jtS gjj) juj 

c & n^v 4_njj!lSI ^Jl CjljliJI 6AA lAAjc. ^j\j 10*5 ^1 (J__ k- ^ J 4£ ba_^t_j 4_i 


• ubjAll ^gk 4Aijjjll Iajjj 4AijjjSI J^b IgJ ^Aaj 


^.ijVitW 2.8.3 

3 5 j_Jilixi c-I^J! jj)*n x> 4 _i^.lj ( 17-2 (JS_ Cij ^ial IAjj)*nx^ 4 Aijjj Sjbc. j 

AAaJI S^jjSSI _ juoj^j ^aAk ^ (j]jIia.VI {jf* 4_aAUSI diljliJI (Ja.Aja aSj-<JI ( x_xi (_£)a.l 4_i^.lj 

. 4Aa.AxJI CP ^[^Jl ^_gll ^jJaAaAxJI JaiuAaSI 4_ia.lj ^ja 
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( 2 bj!jiJI JjjJjll J^all - JjVl t-Adl 



Figure 2-17 jj 


iA^k\ 2.8.4 

4_JjouSIj Ia^. 4_iSlc. (jjjjjjll 4 _Cjjoj 4x^x21 1 fljfl's"! ^jx jjj JjjAL-^ 4_Lajuo|^J ^j^£JI aIjxJI (Jj^aJJ 

j (jjj shaft_SI u]j 3 ^ ^-?^SaSI 4iiUaSI (J->j^"S ^a^Ax^ ^j^£JI aIj-^Ij . aSj^SI 4xjxuS 

^^9 ^axuAlIj ^tfal^JI (^Jj ixaASI ^^9 Alkali cJj L ^ % '°"^ (j-a AjjxiJ ^a^xjjujj . 4_iJ^Sj| 4iiUaSI ^il ^J^£JI aSjxJI 

.oUa^SI 


AajVaW AiAAjlW b^Vjuik\ clA^a-k^ Ca^^\ 2.8.5 

; (Jj-g saoL^JI CjVVI CjIax-aSI jjAaxJ Jl 4_jjl*JI AjSjASI CjI ^xi ^IA^j 

ciS^-A ^1 <JjjA Lai t iJ^-^All Ac-Loixi — 1 

(JjljA^VI ^Ac- SAC-Luxa (JjLujj — 2 
4 In^xiSI Aj^jjS £>lxa Aj^jj CjVI — 3 
4_Lx^oII (J^l^ (j-° 4A^j>a (J^ ^ JaixAallj Sj|^pJI (jxlj9 Cj|Ax-a — 4 
jAuAl^l — jin/uSjflSI — ^pxoVI * (Jxa 4 fll'i'N x>SI 4_ijj^Sj| ^USI CjIax-g 5 


AijVitW dA\^k\ ^ p^i\\ AAajAo 2.8.6 


(jjjjA^VI Iajj V ^gAx A)j CjUjSI (j-o aSj>JI ^^j-Sc. JaJaSI ^jl*_lS Firo (Jl*_Jil (J-ac. ^jj V 4j3Lt.ll cjUa^aSI 
Iaajj i Jj^aaiA Starting Motor ^IaaAaxL aS^aSI (Jj*.aa ^jj (j^Sj ^ ^ a*j qIjjaII Iaa 4AjjjASI c_Al$ IaI 
^Ac* ^LlSI (J^A,Aj Fir0 ^jj Lj^ aJLsaS! ^^9 4x1 550 4x*jxuS (Jjx^a^SI Axj ^ (JxjlSI Iajj aS^JI 


.4AjJjAll 
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jill jll 


* A \ a 

4_j^al_iJI 4 jWill 4_mll <j| l_1^j IgJ ^L^£ll CjUa^a jl*J! ^jjj" *2 ^^ic. Axuau J>12I 

eXilA 5-ljudjl (Ja.jojJ AjjaaljoiVl 4_ii2l &2&J 4 RC gdSifiCCltiOTl 4l2L^. (JLauJI (Jj^J S^lc-L 

(Jj*2l \ 1 ii^ jUJ! 4jl_ ujV (J-a*J ^ c2liA^ CjUo^-oj 

CjUa^a ^2$ 4_^jl (J^2 


BLOW OFF VALVES e.jj.^21 ^j2a cjLoLoj^ 2 . 8.1 

fjj 4_njj2l L_alijV J ^UjLil! 4_n jjjII ^ Compressor <3^1 ic.1_Ja ^ J_^J! lJIJjV 

(ji^LA 2aC*Lja]| ^ J^AaJ IAjjJlj ^_iijij J^la CjLqLqj^3 ^^ojuoJ CjLqLqj^j ^j3 

JaC'Ljall ^jc> 4_9vlil^l (.-AJjujJ 2aC.Lja]l ^3 SUTQG CjjJL^. 4_. %30 (j-a (2^ 2aC.Lja]l 

2a* Jail (3^ S-^Ljj 4~ V W 131 4_j| 4 l*i*SyLa . ^l*JI (_£^-xi ^1 J^aJJj 4 4_njj!l]| 

j! c j£oj Back pressure ^ jud^C. 2a* jJa J!^2vj dll 3 _ui2 (JjAj£1I j O-LSII jJvla (jjj Lo 

^Ac. (_|a*j 
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a 2 jSl! c^U^a) ^lai - JjVl sjUII 



LjUa^-a <j^a ^jlall g^ill 



Diesel Power Station 

• L0^)i SjJ* (JAaII 4_x-al^j SpjS (jSLd .111 jj (18-2 (JSjaij (Jjj^l CjIjj£Ia (Ja*Jjuaj 

^5 6 ^ CjI^LaaII 4_1a] c> S^A^ 4_^LalA ^Jl Vj L_91ajV) 4x^JjudJ (Jp-JuH ^CJJUOJ jtjAJ J 

. ^LoijVI ^JC- S^pS 4_i3JU (JLaC-V 



Figure 2-18 J 


J 1 *— juol ^ic. c_J53 jjj IpA 4 VViaII 4iUal) 4iiS <jli Jln]\j j Uj _uij Jppl ^ja 4ju3jja 4_iaS JJ I^jSI j 

jj 3 (_£pll CjILl^a Iai . CjjjJS Cj!2 1^_1a V c£pj 4_i^.lj <jaj . 

. cjjjl^jA 5 JJ 3 (j-a ^Ijjj s^jSII cjI j Jjjjill 


CjUjSU ^ 


(JaJU 3JUJ) 6,2a <^5 . (Ja^JI Sj)j2 Spa S-UjI p l£j\yhk\ CjVI^ (> _ 5 i IjJjS (JaJUjuJJJ L_JjSp]l CjIaSJa]| 6,2Aj 

. (ilvL^JjoiV 1 Jp)jA CjUluaJ Jbail (Jjjlpllj CjUjaII 62a ^JA JJjS S^lc. 

4_1S_jo 1A l^J l~ 1,h1 < pill (J^Ia^ 4_iij (jSaJJ . ^^21 (JS_ju 2I US Cjjjlj m ^^ic. (Ja'SJ £-p IgJA (jl IaS 

(JA CjI^UjaII l$J! CjUjaII S.AA (JJij ^U^-jolJ (jSaJ^ 6 C-iajA J.2pl t 4jjoUJpl 4 jAsl 2! S^JjS 

. (jVp i_J2l 4 ja ^J]^. ^1 dil^pl &2 a 
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Sj^Ha AjLi _x^nl l^lmJ CjUaL^oll 6jiA L_JjJC. j 


. %35 IgJs-U^ jjl-^JJ V 4jj[pJ) 
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a 2jSl! c^Uo^) ^121 - JjVl sjUII 




(jc- l-li^ w 4_jjl_kj sa^jj 4 _jjl_c. 5 a^j (j-o Combined Cycle 4 _a£^<2( Sj^ aJI cJi cA <j j£jj 

(jjJ ^ jA^J aAAj ( 4_Jjl* 500 Jl 4_a*jJ <J_x^aj (jjjpaJ 4_jjl*JI SAa^l) 

. I^Lq s^IaLuJ 


?SjA^ x>\l 4iUa]| aAA (j-o c flj^s Ua (JljjaJI j 


Combined Cycle <U2>il 6>Sj 2.9 


4_2kjLkll 4 A^LxJ! dlljliJI ^ SjA^_x2 I 4iUal! (j-a S^ldjoaVl ^gAc- (19 — 2 4A£j-<2! CjIa^I) (J-oC. 5^3 ^ajAJ 

6A& ^aJJj 4 SA^jll Jl L_al jJaJ 4_JjLk2i 4AiJjj (Jj* ju] 4_^jvU! jLiall 4_i^ IAjI (J>Lk (j-Q 4AiJjj]| 

6 aaj 6 HRSG c Heat Recovery Steam Generator AilU! s^bu_J cjIa^j J^bk ^ A_iL*H 


4_uo^ Clll ^3 jjj 4_as 1_Aal AiUa AiljJ Lo-o 4 AjAjlfldll l“ il wj^\l ^3 AjvLxJI ^ILg i~ il wj^\l 

l^\ ^AAj_ujJ V Sj^ aII CjUo^o SAa^ll ^j! Ja^V CjlAa^lb A_jjliL2b 4_^Akj_ uiA\ 

. AjjbJI SA^ll Cjjjlc. A^Uall 1 >oq Lojjj 4 



Steam turbine 


Conciertsor' 



Figure 2-19 Aj£sjj2I UU\a 


84 











































jill ; ^jI jll l_Aj£ 1 I 


JaC-l_iJaSI (J^4 j ^ 6 4jj£j 4S ^)JvliSI 6 -)9 > q 4ju (Jt^^SI s-I^^I 4al_J 4_jjl*JI S4a^SI (_|a*JI IAjj 

^gic- (J \\ JjljlaVI Ai^)C. (j-Q 4JjjW XiSI CjljUJ! j (JjljliaVI ^aJ 6 c-I^JI Ja*_JaJ ^jfiJ 

^IjjI. ^4_laJ_jauSI 4jjl*JI 4 Sn^uftS) ^^3 Lo^ 4_jjl*JI S4a^SI Cj^) c-Ij^£JI ASjjjj a!j-oSI ^^4j <4lS4 4suj 4jjl*-SI 4_1 ijjj]| 
jlaj J! Jj ja4l HRSG _SI S4aj Ji 4 j)S-*-SI 4-ujjjS) (^ja 4_ajlaJI 44aLaJI CjljliJI c^lSi 

.4jjl_aJI CjUaa-oSI ^ 4-ajjai 


:HRSG__\\bi^3 2.9.1 

20-2 ^ ^[5 HRSG t Heat Recovery Steam Generator Ailkll si»i J ol^j 

I Lila 14 C.n-s <4lS4^ (JjlaSIj 4alj ^jl ^3 4 j^j\oM 1 Cj|4a^SI ^3 (j^fiSlj ^£^-*-SS ^\jLa ^ 

Super heater and Water preheater * Evaporator < Economizer 

.4jjlaaSI 54a^lS ^aj>UI ^)laaSI 4 a!jj 4_jjl*JI 54a^SI (j>a 4_-a4UiSI CjljliJI 5^>aJI (j-a>Lajjaj| 44i.ila jj 


^ja4 ^4l^*J! (j-o 4_ajUS! CjSjIxjjVI ^ ^a4ll l^J>La (j* ^jj 44) (_£>aVI HRSG _ SI ^al^-a Cy*J 

Heat Recovery Steam Generator _SI ^ jj 4 aJ£* Catalysts 01)^1 jj&jj jjjL ^ 

4j _ujl£l ^^3 ^>aVI 6 ^4l_^*J! 4^aj-aSI 4 j _ui£l (Jjl jl4iLi ^ ^a’n ^Jjl t ^HRSG^ 

• u^jlA4' 



Figure 2-18 Heat Recovery Steam Generator 
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(2bj!jiJI JjjJjll J^all - JjVl t-Adl 


^)j£l AiiUaSI (j-G Ajj-a s-UaC-l (J^J dlJCt fifiriQ _J 5JjJ)>g HRSG J! £-l^jl Q^* \3 

. jlkJ! (j-Q ^}j£l Aj-<^ ^^Ac. (J^A (j-Q A_jjl*AI SjL^ll U -0 


• 1 * AV^v a b«Ak^ 2.9.2 

lx-o ^jJJJvU Ijjj Ajjlkj S^J c_jj£jj lie. (j£j 6 %30 (_£Axjj V IaJ^Lgj A-ijUJI CjUol^aSI S^li£ 

Sp-U^ £ij c_j uiVI IAa ^aAi_ ujj i~n«v . ( %61 ^l l) lai^JI (Jj^AI Cjll^j) . %52 La ^1 

Jjii^SI ^1 JUlSI (j-a (31%) (jj^SI _5 (18%) ^)L_k»AI (j>a ^cklj S^lJill ^ S~ ^jl_J 1 xAc. ( A L>«v a!1 

A-2kjj 140 (_gAI (Jx ^ ^iSI ^ HRSG_SI (^iSI ^jIslSI ^.I^a a_2^p Cy* Iiaj| s^IaLujVI Cj^-^ ^ 

. (_£p.VI AjC.Uj^aSI CjLilkjjujVI 



Figure 2-21 aj£j*SI diLL^-a s*li£ 


! bj^>k\\ CjV\o\<c Vi\j.x 2.9.3 

^)LkaSI ^Ac. JaflS Ixuaj ^iSI CjIIi^xAI ^>0 I^jj j In \ (Jal Aj£j-< 2! SjjlSI CjUo^q Aa1£j • 

.ajj^SI s^I l> JlA Steam power plants 

. Ajlj^'S CjS^SI <j-a jjj£ 1I ^ba3 V • 

. (_£^k.VI CjUo^xAI ^j-a (Jal m*j AjL^aSI CjULlJI • 
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jill jll l_Aj£]| 


(JxuJI 4JU> (JjslCij]! ^aJ 4iUa jAx^a* J! £• Ij^jV 4 

.l«J 4^U]t 4^Jjui]| ^_lc> (J^A.a]| 4x*Jjuo 




• ^ ‘-^ *■ ^ L 1 A\^>v\gy A.\lx\ 2.9.4 

Cj\j\ 750 • 4jljoj — I'sDn 4 .1 

4*_jolj 4jjI_^j SA^j Jl 4i L_CaVLj CjjjL^j/i 250 IgA-a >L£ (jiijjlc. (j j£jj O 

.c^Uj* 250 

CjI^L^ja 15 S 4jljuj — ^^_LoJ 4 }-v\ a . 2 

. Cjjjl^jxi 58 SjAJj 4jjLLj 4_njjj + CjIjI^j^ 25 1^-1^ 5j 43 4jjlc. cAlnjJl 4 AAc. O 

! 2 J 1 4j!£^a]| CjLgjj£JI 4_la^a . 3 

. 250 4jj1^j 4_njjj + l^Aa ySl 250 SjAaj 4jjlc- 4 Ajjjj 2 <j-a (Jj£jj >l£ O 

6AA Jajjjjj (J^Aj J^3^)V^_joJ! J^_ujI_ujI A^3^jLJ±]a]| J)l*JI J 

220 ^ > 4jj^)^ Cj_uj JvLk (j-o SAs^all 4 _ij^£]| a£j _uJL 4 j^aII CjIas^I 

. ^jjjLai2l J <_flj jjuj ^Aj ^ CjV^^g CjUa^a (^A*j ^ Cj]jS 

LuCja 4A£y<dl SjjAII CjUa^a ^A^.V (Jj-qj 22-2 





Figure 2-19 

Combined Cycle PP (500 MW) 61% efficiency 
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(AjjI jaJl dljlll dll b-\A) — JijV 1 t_lUll 


Sjj ju^a dljj ^l^^lj ( Xjuj1j JjUaj ^Ac. (jVi (Ja*JjuiJ A_j^)a]I AjjliAl d]jj]l dlUn^A ^3 AJLiLuJI 

JdkdJ ^ 1 $j 3 . Micro Combined Heat and Power, Micro CHP ^ a ^ Ua^ljjSj c >d a 

50 1 (j -0 (JjjJUkALl d] ja] SjJXx-a AjoujjJa (J^aa ^3 ^jliALi (Jajlj f-1 jiiuus a!ja 

A_ajJ^Ia]! S^lflS _x-saJ 4 JjaaIL oLlaII ^jjd__-jujj ^3 aA AjjI^AI J3Infill ^ja SjIaa ujVI (| kVV 

- A a^IoIa]! aA& 5^3 AJaLaUJ ^jdj ^A1 a]| JC-tjj .%85 (_gAj cJ L Aa£3 d]jJ J^)^_a ^AcA 





















(jc- < 3^1 4 <Lo^lai*G A§UaJl ^tijl 3^ 3j A ' t ~' < 4 <3^1 ^A 

CjUo^qj ^ ^i tigll ^_3 CjLo^Jaxa])^ j. .^.1'.» H ^_L: Lo_iBj . 43lla ^Jl 4_ljl jq41 4 j^)^JI 431141 

: jJjill 


(Generator) 4*41-1 

(Transformers) cjY*a_41 -2 
(Excitation System) 41 JU4I -3 

jijll cjVj^ Jl c44j4l (> 3:41 Jiu ^ Power Circuits Jl j%: -4 
A ka41 CjI^cLom ^jxi-n 4j 4*4 5^cLai4l — 5 

(Switch Gear 6.3 KV) JaujiJI ^Jl \S%± -6 
(Switch Yard ) ^1*41 (jip. -7 
(Power Center) 34*11 441c. <j^iki41 .^J! l£U. -8 
( MCC t Motor Control Center) 0 ;4V'4I 44^11 L£U. -9 
( Ups 4 Uninterruptable Power Supply) ^kaia jj41 4^41 a La*ku -10 
A jLit 4'j 4 a 4SJI 3-411 4l44j A laa. 41 Sc-L-saY S^UYI 11 

(Battery & Battery charger) <>.3413 oLjlkJI -12 

(measurement system) ^Ull -13 

(Communication System) :cjYL^ 3YI l»jhu -14 
SCADA System 4 *j 3c. ^34,1 <»U4 “15 

(Control System) ^iki -16 
(Protection System) :4 jUsJI -17 

3 ■ '■ ^ 4 CjUaa-41 ^_3 ^....iflll 4l4a4l 4 *jL 4I ^j^-aLiall 3j 1 ^» Q " ^ ^jou ^3u3j 

. Substations 3cjUa^-oj ^^341 J414 l_j 14I ^^.Yl w '3' 3 ^ l " 'j'^ 
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(Ailjjll CliUa^A ^ ^joikll) ClilUll Jx^aill — JijVl C_j4ll 


jJ^ii 3.1 


Synchronous _14 c_aj)jjla]| ^ill 444 ^a^ . aIjaII aj£414 ^a ^uall ^9 _j x^aic. ^aI 

djj^ 4 Rotor and Stator La jjj>. <> Synchronous Generator uj£ajj . Generator 

6 ^jjAj 9 4_ilaju ^All ^Aj 4 SyAiLa 4_1 ijjj 14 (Jj^aJJ (^aII RotOT ^)]jAll L Field _ll Cj4Lq ^jJajJ 

s^aaII aIjH ^')* x>j 4 a^ l^_j a!jjj 9 6 Stator (_LJa sa^^j-aII cjIaLII aj& a1ja 4I ^JaiL^ 

. (JLa^.Vl 4 jA*j aA^JjujJ a! j^oll l^-aaij 4 aj^£H 

Excitation S;4V) a ^4u jc. (dc voltage ) ^4 _j4i> (field) JL.J) cjUL 4ja^j 44 j 

. Ua.V ^ ^pll System 


14unn 4_ihJ 6 aJn^oll CjUaLa-xi ^^9 ^JaJ La^ a1j- 44 4_L-aAoll S^_^M ^aI (JLj 1 — 3 (J^joiIIj 


4£ GSUT t Generator Step Up Transformer sa^U Jja^l <^Aij aI^J) jt Ja*ita 4 j9j 

caIIa^ (_£a*j j UAT 4 Unit Auxiliary Transformer a^LoiJI Jja^JI ^ y& s> 44 * La^I ^Aiu 

.Excitation transformer ^jk4»*ll JU^JI ^Ljlai* aja^j 

aJL. AjV t aI^aII cjIac -1 _uoaII ls^ External Source 4 ja*j ja!_ ^xa a 

4a4 CjIac-I_uiaII &AAj 4 V^l CjI Ac«l_ui^oll A^2wj (jjA (Jjit_joull _ xjoj £ j \ AA^oj V a ^ w \1 Alkali 

(j^£j A9 ^lill c 4_L2^)laJI ^ALj^a-oll fiAA A^a^l baAaJ cA11a19 Axj a ^ w \\ £_2xjj a!Lojj 4 4Alia ^jA >^a! 

.4 4^x34 aI^aj (J4^aal 4 _a4l1I 4£aAi 14 (J4^aal A^a^a 


■ System 
[] Broker 


■ System 
[ Breaker 


GT 


Generator 

Bus 


v^A, aj 


5 


UAT ^tartupTr 

-i F-^ 


Generator 


? Breaker* 
ALixiliar)- 
Bus 


Auxiliaries 

Load 


Figure 3-1 Generator SLD 


I Jiill ^9 Cjj^Ja ^lill jj^4jlH CjIax^I^a jaxj 6AAj 


90 




























Main generator: Turbo generator ‘ 19KV ‘ 0.85 pf ‘ 440 MVA ‘ 3000 rpm ‘ 50 
Hz 

Main Step-Up Transformer: 19/500 KV ‘ 480 MVA ‘ two winding ‘ Shell 
Type ‘ ONAF 

Auxiliary Transformer: 19/6.6/6.6 KV ‘ 40 MVA ‘ Three winding ‘ Core Type 
* ONAF 

- Medium voltage switchgear: 6.6KV ‘ 2500 A ‘ 40KA short circuit capacity 
Isolated Phase Bus duct (IPB): that connecting Generator ‘ Aux Transformer 
and Main Transformer ‘ 19KV ‘ 16000A. 


.2djlj ^ U.' Loj3ij 


Rotor Stator 3.1.1 


(_£)L^g Isl-o S.iLaJ L_iL^a]| (Jjjlij (jc. SjUc- ^£9 StatOf 31 Lai 

.2-3 Laf£ cjIaLj slots 



Figure 3-2 Stator 


sJjixJI Sj 33I Liijj cjliLJI : Stator Windings c_L>t3l jjja*JI cjULa 

. CjV^-21 4 (jc. 4^Jjoi3 (Ja3 SjjalL-a ^jolL^I JJ)^X>Uj 
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(Ail jjll CliUa^Q ^ ^joikll) ClilUll Jx^aill — JijVl L-kll 


4-Iaj)» >>>x\ 1^1 S.iLiJ 4^axJ ^jC- 4»1 j 4*_^ ^gjL-iL^all *44^ ^Aajl 34^ RotOf _ll 4*4 

.3-3 (J^joiII ^9 4*^ (J^)L^a 4_x* 4_j^A Shaft ( ^glc« 



Figure 3-3 Rotor 


Excitation System S;1 jV! ^ki* ^ ^kujj Jj^\ Jt >»»14 : Field Windings JU^ll oliLj 

4.41 £-L^)^£JI (_)5j 4 j1ac> 443 6 Brushes jjj^k aj.1 4j1a*J ^j>UI 34*41 ^jjj£jl 

. ^4-^ j )^»14 s^^j-41 cjIaIaII ^gJI Field Current l4j 33 ^)^ Cy cy)^ l^l^ 3 


^il\\ k3.1.2 

jlull (jc- 4 _^jU 1I 4jjauk4i_xil4 4^)4^ Aiiilfl4l £y 4_^jU 1I c > n^n Aj^jj *4*jkLa ^gJ! a!j4I ^Ia^j 

: 3^4 CF- • C5i>4^' 

. Hydrogen Plant j^jja#]) iajki® • 

Stator Cooling i*jki* c>u^ Demi Water ^XaSM *4* • 


4J 1_Aajij *4^ (Jjlc. 4J4 aJ4JI AjAj^jjI) S^aaII Cy$ <- y 3^3 04 ^ 4 aj^joII ^ U4^i9J*44^^ 

£-a A^jI 13! jys'wj (J*j uoj 4j) l- nxW ^j£l t jlc. ^1 ^>0 jj£| l)j l ^4"^ 

. (a3jJ! (_44 uj?^ (_jc« UUj Jj>a 4j| Jaa.Vj %14 (3^ ^1x411 3^-^ C5^ ^-4-jaij *43^ 3 ^ uj?^ ki ^V^ 

313j a!j4I 3° (jjikgjAi^JI .3k 4c.j_ juj a1jJ 4 (Jkc. djjA^. Aic. *43_u3! Cj44^j ^a! Cy tlA Cy3 


V4 6 "AAndll" 4 j4c. 4_jj_x-axill 4 W 4 3 4^^ ^44^^ l 5 ^ 4 k^^ll 4_illc. Vents 


4 \\ k*n 


JJ-1J 


.SA^jll j-vorn^ 
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^3 4j_uxj c ^ (Jjl^4L) ^.LaJI 'j a ^ <J _. ^q\ (_^ojt-o 3 jJj 4I A ^ (3^.13 tilljjA CjJ& LqjI^j 

. ^ \. ^>V 1 U L_lJ^jaij t" i'*'*- 14 a 4 'i-AA . ,.V 4-3 ^-i la£ Cjljl^Jaull 




Figure 3-4 a 4i < ( jj^, jlc. ■ " i' a ^ u . ..i 


?ViA^o\ ^\A\ ^uA^I 3.1.3 

Rotor and Jl <_g^) <_£pj <41^.1 j^»Uc. d£tii Jl ULc. Generator Jl <jU kAc. kL^jj 

i a ^ j ^5 j ^ ■ ^aj (3^x4 ^ stator 

• Exciter 

• Permanent Magnet 

• Automatic Voltage Regulator 


Excitation __\\ <Lc ^Ah.L$A 4.Wj j.k\ yjua Vi*\ \ 3.1.4 

^ ^±n jAj 4 J^Jl> jj*^ 3-phase generator jc. s>Lc. <, Exciter Jl LI 

^jjoaj jl* —k^JI Jj-JI 13 a i ( jjaJ 5000 Jl^) l-ia. 4 (cJjfl 500 Jl^.) ( j^Wa 

i DO ^jLnj ^Ix^iVI Jj-JL ^al^JI Field_SI aja*j . ^jj£JI ^L^VI Jj-JL ^j^aLJI Shaft_SI 

. c.L^£SI l^ja ^jjJ Stator Jl cjUL ^t-.oj >* ^Jl ^juaJaLxJl ^paJSI ^Jl jLnll ^a^ 

ijVI^ Jjjj Jaj 

? 3 — phase Jj-g 4 _j| ^cj Exciter Jl DO ( ^ 5 lc. t • JjVI 
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(AilJjll CliUa^Q ^ ^jaikll) Cli]Li]| Jj^aill — JjVl L-ltill 

? 4 j ^j^lail Field _1! jLa ^Ac. " Exciter "^j* x^ill Alkali ^jaI ^j-a : ^^4411 

(J-ac. ^jj ( Exciter_II j (JL^-aII (_£AjL-a ^j-a aIj-oII 3 — phase_II ^)4 a 1I ul^ (JjVI (JljjaAl aajuAIIa 

. aI^oII l_i^jj (Jj^a SAa^ ijc> ^yUxaA Jin ^il aajag ^jIjj Alj^aAl a! Rectification 

IajLg ^Ac. (J k ^xAilall ^jja^ll Exciter_ 14 a ^ a \l Field_II cjIaLq ^aIaII (JljjaAl aajoia 14 Lai 

.^II a!^aII ^j-a 

! 4_ajAa1I Sj ^ j flll 4_±4 j La c Exciter _II ^j-a ^aIaII ^jLaII Ivnl Aaa (J-axll IAja ^aJ ^g.\xVI aI^JI (j^l 

.?Aa>LaAll ^al AjAaA^I V5I s-la. (j-a 

Ixt's^v 4_La ^ju^al ^ Exciter_II (Jjs j^I 3-Phase Generator_ a caIaIj-oII ajjja aK^ i^ll ^aa (JaJj 

Iaa ^jd—u .uj Permanent MaQnet ^jIa (J^LAa^-xia ajJ^ aa 4 jjAn aa£J c ( cjA^ a 100 ^Jl^. aA^_a^ 

3- ^Tljtn cpll PMG <Ja*-AiA $.Aa 1 LjouialAaLxi UiaAS ^jIaII <jjjAia4iL-all lAA AljJ dua. 4 PMG _J Alj-all 

_II Cjlila 4 ja*Aj ^ 3%1 Exciter_II ^a a aku.^ h a^jIaag aj^jj 541 a AJajuol^j oAja^j ^jj phase current 

. ExciterJL a^UJI Field 

6Aja^jj 44 ^~L Ui< c5^l Exciter_II ^axj ^aII PMG ^j-a 5 — 3 cA^aAI ^ Lo£ Iaa 4 ^alli JIaILj 

jjoi ^glu-aVI aI^aII ^j-a ^&j41I ^)4a1I u' 4 4*v>La . ^aj£JI ^ Ix«oVI aI^oIS Field_ _II jl_A (j^^il 

\j (J^Ail4 • c-aaII 4_L^j-o Aau 4 ^aa ^aII PMG qa Vaj Exciter_il Field caIaLg 4ja*a1 aAg 

.LtAoa. (Jak|^all 6AA 




6-3 (J^Aill ^)^JaA3 ^jk-alAstJI fiA^J ^gfiAAaJI (_]^Aill Lai 
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j£ll ; £j| jll L_jU£]| 



Figure 3-6 


? 2uaJLi ^ VA j\_o^l\ <AA.i\\ << 5 . 1.1 3.1.5 

^ Ki^i ^ <_sJI Automatic Voltage Regulator (AVR)_SI ^1 Lula ^^juJJI JuiJuSI «.lu! 

4_^1 ^je Sjhe jAj jje CjIjjxj ^1 Cjj- 1^. Ale a!^aII l _aj^ial -lie- y\\ 

(J_X-£3JJ (DC) ^XlI _JUIA ^)ljJ ^-11 6 (Cjjtjll J) x>1*11 CjIaLg (j-0 AC -i-ijlxi ^)ljJ (j-S 4ij^2kJj ^)l_il]! Al^Jj] 

U£ 4 nfl*c31 4_xuall ^Jl Alkali A£-v\I 4_xu 3 ^ij Axj i~u*v aI^aII ^jouj^II Excitdtion _11 ^Ualj 

.7-3 

SJj.^^ll CjIjjaHII ( ^Ae L-ilillllj Alkali A^. l" nfn ^y^jxj ExcitstiOfl II ^Ual \ j^jlba Jj\ ^'s*n AVR _11^ 

. A^_^JI A ^ a3 ^j3 1 \ \ < « 3 


jA ^Jl ~^ j~ j a.S' _i jjiJI liA (jli J_jJI ejl^ial ^ b- CjS _jsJI ^ J3^-5 AVR _ SI ^yt-uiluil I jl 

JU-AI jLa a saLj <jJ <> Exciter Jl <_Ab jjiujJll Firing angle Jl a j^iuj j^jAS SjAl j 
.7 3 JJ_Jl ^—3 LJ _UUJ 3 SI J 3 JI s '£ ^aJJ ^aJ ^>°3 ‘ _uJaljxJI (jdaJI Jajp JSjjj 4 
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L_____J 


Figure 3-7 AjA\ ^ 


Clj 1 ' A <£k ' uS*v\ 3.1.6 

CjLLx2 ^I Juljjl! Cn-yi ^ L^aj 4^jl uJ( ^-l^Vl ^ _ uiaII 4_ij^£11 CjIJ^aII 

£-LjH CjIU^a t^U3 ^ Jal Ullc. uj^ Aialkll cAU^a ^ LI < 20 kV ^ 4 jaJ&11 

. (iSa 690V J! 

(High Voltage ^l*Jl ^_^J1 cj!^ _^Ljl cjIaj cjLjjoiII \ ^jV! «ii.i^Jl 

.Powerformers ^ikjj Generators) 

cjUjSiH c 9-3 _ &\j 8-3 _*311 ^ L£ (Powerformer) JL11 ^A\ j3 AjA\j 

ABB 4^j ji 4_La ujI^j Powerformer <Jjl i 4 _ij^£j| 4iUall .ill jj (JL.* 4 & nwll 

^j^ >.s-C\ ( ^ 5 lc. Powerformer _11 s^a .1998 ^j|^a (_y& (jjj-aLJl jjjaujjau 

_11 (Jj _x-ajj j^ajll 13 a ^jjjj . Cjl^a^h^ 400 ^-11 (J_-^j)^ > ^ L Aalkll ^3 jA 

Step-up ) jil^l Jj^ll ^bvi > rt y 3^LJ1 s^L* s^Jl 3<i *311 Powerformer 

.(Transformer 


96 


























































jill ; £j| j]| 


p©—□—GO— e- 

L-Conventional Generator Step-up Transformer 
Generator C.B. Transformer C.B. 


(a) 



Po wer f or m er Po wer f or m er 

C.B. 


(b) 

Figure 3-8 




(Powerformer) JUil ^A\ ji iljA\ ±AjA\ ^tkj B 



Figure 3-9 

(Powerformer) JU1I jj 4^1 


jXLPE c_£Ll£ ^Stator) cjjIj. 1I ^3^31 cjli.La 4j-<31 13 a _uuj 

^[9 (Rectangular Conductors) Jjkn^ll ^LA\ cj!3 cjliLJI * 10-3 Jiill 

CjIjJ j-ol! (jjjj ajjj l 3 ^ l^I *^ 3 ^ v ^-3 (Rotor) l_j4o11 4 _>_uulL Lai cj!4j-o 1I ^ _uC 

.Cjj^. (ja 4j©j\o“\l 
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(Ailjjll CliUa^o ^ ^ajaikll) ClilLill Jx^aill — <JjVl C_jLll 



Figure 3-10 

Powerformer _11 Stator J cjUL ^ JU1I ob XLPE J! c£Ll£ 

:Powerformer J! Cy* 4_^jIj 1I Cjljj^oxAl 0 Aaxj bus j 

( 1 _uj 5 j aIxJLj 1.5 >4^ *4? Powerformer_1! ^Vn*n ^pll aJjjII cjUa^al 4 aKJI s^U£1I .1 

.Ajjuifliill CjIaI^oII Cj13 cjUo^oII 

jlcuaj ^^ull Ail jjII cjLLx^-aI (Total Fixed Cost) 4 aj1aH 4_A^1I a a!£j 11 <jl 4 j _mV I (j^l .2 

. aJjjH cJpS ^poAil AjAil^l cjIaI^JI cj!3 cjUo^H ao\<M i ^ jj^j jst Powerformer _1! ^ 

3200 (_£^i mill 4_^.tajl Al^ll ^3 4_LLa 4 _Lx2^q ^Ac. 4_ujIjJ (J-oC> A£3 (JIaoII l J_u m ^AxS 

4_^ll ^pUJ 1 2 j t CjIaIj^ 4j 4_LLa CjUajjj 4 (j-G (j4j^j\o"\i a L»«v *\\ .4x*l_m Cj^Iaa^. 

_SIajIuo! jjjjL (jp. 2 uJjjA\ ^jj .(Single-phase Step-up Transformer) 

(j-a 4 aa11j 24 (j-<» c_j^)5j La ^)43j4 ^1 (^pl Lui Powerformers_II 4_ j caV^^ll^ cjIa! j-all 

.ZU^aW ijU—II iilfi tilliSj fcjfcll 4 aK 1I iilfisll 

<J^b ( x_iAaiuj cajI£ ^pll AJUill jjc. 4^£ll spall jj9jj Jl (_pjj Powerformer_II ^bvn^l .3 

. A^aJI £ij 

^JaiLall Cjb Cj>Lma^xill Vp StatOr _II CjIaLq ^9 (j£^j| All «^L*o^\I CjIA Cj>LA£j! ^1 A^JjujI .4 

(_p^Jj La-a Alkali StatOT _II (J^.b LS^ JM1 ^aJailLa ^1 (_p_Jj (JjWutixAl 

.CjvLjI^AI (JpJI ^_gAc« S^lj ( *—->b4^l JU£ ^ LJp -4jail ( xij A-ij^^l^ 44^ (JagVI (J>IJtJjaj>U 
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jill ; £j| jll C_jUS]| 


kJ$.Jl dUaA« ^ <jd>b2JI fO-MridiJI ^ 3.2 


I Jj]ijlll CjUa^-oj CjV^-ail qa AauUJ j ^-l^jl 4_aujl 


Generator Transformer, L^i main transformer -1 

GT 

(> ya. ii.L Unit Auxiliary Transformer, UAT (o^. Jja^) j&LwJI Jj^ 2I -2 
11 3 2^21 L2 BB1 and BB2 21 ^^ic, aJ a ^21 cjI^Laa 4j^uj ^ii2 s2^21Sj2ill 

.^afi^x21 ^ 2.11 U^a^I 1 L *\'l <jl2][j 

cjjoa. 4iU ^2 startup transformer (<_>bto. Jj^) -3 

a „li cjI^c-Llua ajjjl2 4_aIj 21 a<',*11 ai^Li < & 'j*. 222 2 Blackout 

. (Jjj n"lll Sjlc-V 1 a* 

<_s21 ju^jII jAj excitation transformer ( 0 ^a^ Ji^) ^jUli;all JU~21 -4 


• CjUa^21 SLD cJiiAj (_$2I 11 3 J<~'H '* JjVI <<£)121 2 


2 


to Switchyard 
VaL^ 


Main Transformer 

~ 3^ Unit Aux. 

Transformer 



1A 1 0^3 «A *^3 1A«£y] 

(r) (b 


MV SWGR 


from Switchyard 


QL 

ft 


Start-up 

Transformer 


03 m BB2 AJ £v] 


I«]MJ ^/A4 G^)M» 

d) d) 


>=Jr<LC Transformer 1 >$jt< LC Transformer 2 

400 V BUS A $ *' 400 V BUS B ^3 » i 


pul rvj ;»i] ii] iw] r^ii i*a «* 




n!rt & r^i i«i !«i fill 

g © ^Jvj ^ & <b 


Figure 3-11 AjIj- 1 4 ^ * uj aJj^JLi 4h/ij*.IIi* [f 


l^hVl A ) i. Ill-La ^Jb^J _jLnlij A^JI (jjjLi ^jjjUa]| CjV^^q 1_jJajI 2l^.jJj 

^jjJa (jc. 
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(Ailjjll CliUaa^o J ^joikll) 22121 Jx^aill — JijVl C—lLJl 



l2j2l 4 a (_£A^J SAjJI ^tSjVI) CjVj)*\ a\\ aAA (Jj _i^alfiJ (j^aJU (j^ajJU_uA Jt2l L5^-J 

. (dal lo^t a\\ ^3 ^alijVl fiAA jjj£jJ (jl SjjjjJallj (Jjj 2j 


Step up Transformer 3.2.1 


ljU^.1^ (Jfij]! *L_i ^ ^ ^Jl L^oll ^jLJI _i^JI ^_3j l)_^ j-A 1 4_jl ^5 ^ . "Jl)^ J 3 ^ 3^3 

<> Jbllij cjj^ Ail_Jl 4 jujVi cj^AI jjS! jAj Generator Transformer ^^ 


.(SLD J! jjJ Cdj* L*. 600) ^aJI 

_j— ( _ s i (_£)jSJI CjUa^AI ( _ s i AjlJI 4“* -a ) 4 23kV ^1 15-75 (Jjj ^jIAj 4>21 ^^ (jl 

( _ s i ^5 a (_JJj uj J jjij^jl JL LjL_j jl i ^JLJI J tail JL AjjL CjI-I^j CijL c-lj lu I 5 - 75k V 

a 500kVjl 220kV LI _#* JaaO^Q 4 JjuO : 4 > )11 (Ja2I 4^JjuI A^-a> Lai 6 (<JjLjjll J (Jlxujo (Jj-G 4_2^JI 
500 kV _2I 4 ^Jjui C- (Ja«aJJ (J^Vi Ajjauljj 6 220kV _2I 4 ^Jjoi ^Jc« 2 L AjIJI CjI a ^ Jax-oj 

( 4jjx^ix>1I 4<h:i 11 JaflS CjUa^a 9 500 kV 21 4*4 jui ( Jc« SA^^JI Cjlka^ll AA£^ 

^Jja2j CjUa^-x2l ^)JJ^ j) 1 m JI-21 Jalii 2 )jAj S^joillxi (Jj)*\ <a aJ 2I (Jj-x^ajj ^aJJ Ullcj 

. Generator-Transformer set iS ^A\ Ua 


^JJ CjVl^-li ^axJ ^A ^aA AAC- (J_x-aJ C_uJ CjIa^}Aq 4x-j)x>^ x> ^ _ujJJ^)1I (J^-a11 Aj^)Jl2I 4 U>^ 

Aj^jjI) S&\J& SaLjI C_u)H t. * n\oT\ 4_^ _Ja-o 2 AAcj ; Aj^jjI) 8 AAc. JJ 4il _6 22 J 

off load a a^.^ ^! 3 l-q ^Jc- (J 4 ^ 4 (cj^J^ 2 I ( 2 ^ 44 Ij cj. jol 2 j cJj^ ^ 

.tap changer 
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jaSI <joiAiA ; £jl jSl c_jU£]| 


Unit Auxiliary Transformer \t\_A\ 3.2.2 



Ag y\\ Ij>L^ AjAsuS 4_^jvUI 4 _ij^£J! SjAaSI jJ aS j-JI Ag^jc. 3 jj_joiaSI (Jj)^<<JI Ac-LuiaSI (Jjj^xJI 

^Jali (j jAj aS j-JI j_A)L* (J^jolj (J_x^aJJ (Jj)^<<JI^ . SA^^SI CjIai^Lui^ 4_jA*j ^jc. A!jf\ xn^Slj 6«3 kV Ja-uj jIaSI 

a^ 'sSI (JL^.1 1 *>>jl (J Iaa (_£Ajuj .SLD_SI ( ^ 5 i ^ja^I CjSjaL^j-d 50 4 jj*^j .(G.B^ s^jIa 

(.11-3 SLD Jl ^ 2.5MVA SjaS) cJja 400 J\ a^I 3^ <> aJo^JL 



Start Up Transformer 3.2.3 

CjjAa. Aic. j)\ (Jjjt—jouSI £.Aj Aic. 4_ij^£j| SjAaSI ^)j3jaS 220 kV 4 ^j_JiSI A^w ^jiaJA^J (J^J-joiaSI (J^xaSI 

Ln^ti 6*3 kV Ja-juojJ^SI A^'sSI L>L^. AjAxjS ilJ Jjj^All *Laj )a j)\ Ac«I uiaSI ^1 (3SaC> 

(C.B) S^jIa ^JsIaj (J x^alj Ll3^ A ^\j) 6 I^JjAj cUtA jl IAjj (jl aKjII L>" l jjj 3 SA^jSI CjIa^I uiA AjAxj 

cjSjs 1^jx> 50 SjAiij ^-jouj^I 3j)^<JI i^a ^^Sl ^-JaSL 3^ .cjV^-aSI 4 xn 220 kV_SI SjL 

.( 11-3 3^ SLD Jl ^4 jaJ 
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(Ailjjll CliUa^Q ^ ^joikll) ClilUll Jx^aill — JijVl C-jLll 



Excitation transformer 3.2.4 


900 23 kV ^j-a aJ^aII a^-^. ij av *\ ^j_c- (J^IjuiaII (Jj_^-a1I ^_a s^LjVI (Jj) ^ ^ 1 ^a-^j 

3 —c- 4jjj_jauil|j Excitation ^ ^nl^Ux-xill <JI ^-^11 a ajjlvixi a ja»M a aj>UI 4 __ij^£JI Sja s\\ ^a3j_j1 c_l_1^s 

S^)_j 4 ^Jal_a (jjA_J A_Jj-2I £._ a _j_ JjIao J< An (J_i^ajj (Jj? ^ ^11 Ia__A j . A_Jj-a 11 ^aj>L_ll (J1_^oll j!_jj 

.(a >*\ J_!jj| <j*_kia J n, j J K A Vl ^_a j ^ ^J) (C.B) 


Jad^hJI <U aA<j 3.3 

(Cj I j g l-Lall CjI j4c.^ Aju A 3 .^*\\ ^ ^^all L $1a ^jjj ; 4 j *4-Sj^ (i 

. 4_la^2lj a \ l ^% i^aII CjVjj'S xA]j 4_i2|^aJ 


4jA*a1I jA _k.roxn CjV<)^x> 1I 4^xi Axu ^all ^Aj CAj& 400) \a\\ y\\ (l_j 

- 4 li«v ^11^ a!^)3vU ^t^luaVt CjV^-aII Aj^joll 6 S^4>U 


I 4 L >^ 1 jj ^aJJ Js-juojAaI^ A$aJI ^jLuAaS 4 j A^^Jj l| 11 kV) 1 a 1| j; ><g - ((J 

.CjV^^oII 41'VS xn CjIaC'LoixiII 4jA*j1 I^qIa^LujIj 449 JI ^xi3 ^jAaA^J SAC-Luo-a CjV<)*s x\ £_a 

: Jjjj^lt *Uia] 4-djIald 4iji (<, 

c-lfilaj 4 -ajjIVia ^Ac. p.|jjaj L>° 61 aa 1I ^cjJa CjI \a\1~i A^j)A~\ a I^j A2>jJj 

. 4-^l^xi ^alai^k (Jj ^QjAI 4_k^i x.o'SxAlj 4 Ai^xAL 4 _ia^ajl1I cLiaII AkLal jl 4j CS^^\aW 
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jill <joiAiA ; £j| jll 

L-UjLVI Ja*_jJa ^Ac. (jAaJjJU SjLjj fiL^AL 4 _a jlVixll aIa^V 4j _uoJJj SjLj l^j Aa^jJj 

. cjVI^J ^b ^Ia*jjojI AJL^ ^ 



6.3 kV JouijIaI) a^JI j-uc- ^ 

A jj^ L _ ujj AJ4jj^£JI ^lal^All 4x- j)>&y «o ^5 (jb_AaAll (jL>L^ (jc- Sjbc. ^A • 

. SAa^ll CjIac-Luo-q 4 jAxj 3 (SF6 ) Caj^j£J) 

S-Aj (Jj)*\ a Lojj ^gjcnJa]! (Jjje_bull AJL^. Ac>l_uixAl (Jj)*s xAI Lai l ^jjjA _k^a-a wl A /njIAmII (_£Ajuj • 

. ac-Lui/AI Jj)*s xAI (JLrL cjja^. ^1 Sa^II AJL^. (Jj> xTAI 


dad£*JI >a U aa» M gnia^l jAaJI 3.4 


Power Center &j^A\ kAW ^:A\ 3.4.1 

MOO Jl^VI (jl 250 — 100 s^aaII a_AIc. (JL^VI A_ja*j a ! j^lub&II jJAAbl ^a • 

ajjjj ^l^ aJ JjAj cJja 400 V / 6 . 3 kV A^a. Dry Transformer jjjL ^aJuj • 

• 6*3 kV LxtijlxAl A^_aJI L>La* 4 jjA*j jA^-a-aj 

. Jl^VI (j-<» A-C.jj'Nxi 4_lLk (J^ (_£A*J L>Lk ^jmx> 4 v ^| ( xjj| (jj£jJ jiaixAl • 


Motor Control Center ,j^lAA ^A\ 3.4.2 

(Jl 4 o\~ ■». ^11 A x * ti Cjl j 12 3 ^_9 IxAl A^abl ^Jal^ii <CjA2^a 

(JLo (jL-^x^. 100 (jf~ ( _^ll ^jJaAaUAll 

Motor& Valve's U13UI j cjI^p-JI - 
5;UVI cAa^ — 

(PDP) 2_jjjj]| — 

Battery Charger cjbjlkJI ~ 

UPS ^laAxa A^-aJI jJaAo — 

SjAaII CjIa ^jjaA^AxAl A^aJI L>Lk (j-a (^A*JJ ^JJ-qI 800 ^’La-o (J^aA^AxAl A^aJI L>Lk (_£A*JJ 

.AJUJI 
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Figure 3-12 ^ 


: cA,jVU\ 3 3.4.3 

Ajta^11 AjA*j ^^3 ^ Vnuj ^)a 1 uja ~n ^J! A^^JI (Jj^j ^jj 1 ^j 3 j l Ai^)C. 

# A *N- /\\ 1 1 


AjtaA jAsu ^ 4 aKu^II AjjJoa^JI CjLjI 1? \W cAc~ja~\ a I^j l CjIjjI h\W Ai^c. 


.(c_a48 ) CjVL^ajVi ^[ 9 *^ ^3<j ^L_9ll0) 


:Aj* U 4iaj^id 


^ ^AJjoIaII ^)\jo]1j (Ja*J AjliiJ ^ U -0 ^ <Q SJ^S^aII 53 ^-^Vi (JA AjAslSI 

cillAl c ^■1 ja]| Ar^ll ^)l_n]| jAj^a ^A CjLjjUa21 (jA aj^£1I A^hmII qC. aJo^aII (Jjc. - l ^'J 6 A^jaaI! ^)l_n]| 

.l^JJ^vL^a ^ja j£bl! j CjLjUaJ) AjLlx^aJ ^LuaVI <■ > I'SJ 

^Uk22l (Ja V-^j DO system _JI aJo^aII cjIac-Laa aja*j 0 *_^. ^ cjIaj cj!A->*\ a\\ qs** ) 

cjULoa u*Ua] )aa jSl 4 Blackout J) a*j aU^aW Starting Ja*1 ^U3j JjjaII ^ 

-13 3 ^9 15 MW. SjA£j CjLjjUoJ Aaj) l-i \a (^Jjaj ^a!) ^Uaill ^^9 Ia^ . CjhjUa^ 
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j£]l ; £j| j]| L-lU^ll 



Figure 3-13 L (|l ^’ 1 j ^eiiljjUaj ^ ^ 


.lJj£]| 13a 


c> 


dAlAll L_jIj]I c —AjjUaJI (J j^. .Aj^xA 


Auxiliary Systems <jdj£2JI ^diJI ^ oAfLdl dU^il 3.5 

(Measurement System) 0*U\\ A A^\xt A 

^j-rQ Lo^ 4 ^ -v \ij ^Lulij AJIaaII ^jjc- aJIaaII s^-iaII w~_uij3 

(Jxo CjV^ x 3 ) ^Ac. Cj 1 _joj 1 j 3 ^1 4 CjIaIaII CjL^ja (JiLo .il3 >AI ^_1c« LgI ^jj (_£^.VI CjI _uoLAAl 

CjIaIJX (j-^3 S.AA (JjAjaII 634^. I (J^ (j-G C 4_Iajaj|^J Cujll C_JJjolLq J Cjj^]| 4_2kjA (JjjIjS 

. A An A ^^ 3) J _k^aixJI AaaxIs ^Ac- C_ASjAJ 4_xi^J_uixAl ^jjjUa]| S344I3 .^LajjlVlx^l obi 4aalj>i 3A A^Uallj SjAaII 

i (J1A^]| 

( J& <L&±a1\ £>4-^1 

V.T (j>i 33) ,^-n'I (jjjbs .1 

C.T (j>i ( jalgVI) ^)Lnll SJjoi J)l_44 .2 
V.T + C.T iS^Cnj (P.F) S^AaII (J-qIaxJi ^144 *3 
V.T + C.T (j-a (_£.1 ajj 3 (^JXa AxLjj CI1I3) aAIaa]! 4iiUa]| ^jjjLAi .4 
V.T + C.T (_^A*jj 3 (jln-a Ax Lai jIA) aIIaaII jjx AaUall (jjjba jl^ .5 
V.T (_£.i*jj 3 (Hz) 4 j3j3 ]| (jjjbs jl-4^ .6 
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(Alljjll CllUa^Q ^ ^joiaII) dAlAll Jx^aill — JijVl C-Aj^ 



j L£Lj ; Jgr *Ll£ > 4^1 ( 3 ^ 4 ^' 

V.T j£j Ag'sll ^jjiIjS . 1 

C.T (j-Q (_£A*JJj (jJAgV!) jlull SAjuI (JJj4s jl^ .2 

V.T + C.T (j-o ^a*jj j ( jjj-g Cj|j) AAIxaII s^aaII j4-^ *3 

V.T + C.T (j-a ^£a*Aj j (^> 4 ^ *44la 1I ^i*AI s^aaII ^jjjLis j4_^. .4 

V.T + C.T ^ (P.F) jl £ . 3 

V.T + C.T £y& (^Axjjj (^)JAq 4x«4jj Cjjj) 4A4 la 1I 4^Uall ^jjjLi5 J)4 ^ .6 

V.T + C.T ^£A*jj j (^>4^ ^-C-Loj jli) 4A1 jl 9 ^iiAl 4iUall ^jjjLi 5 J)l^. .V 

V.T (_£A*jj j (Hz^ 4 jAj^ *8 


r Q >^21 ^ Jg> 4-i£ y^l , jjjbfljl 5)4^1 

C.T (j-a (_£A*JJj (jJAoVI) jUII SAjoi ^Jjjl_i5 jl^ .1 
V.T + C.T (j-a ^_£A*AjJ ^jyAA 4x«4jj dli^j 4 AIaa 1I AiiUall ^jjj1_i5 J)4 _^. .2 
V.T + C.T (^ja \j (^)JAg ^- c '4ji jlA^ 4Alx3 ^i*AI 4iUall (Jjj4^ J)4-^ .3 


(Communication System) Aa ^u 3.5.1 

fiAAj c Cjlio^al) ^j-o Iajja^J A li«v ^\1 l__jJajj^ c 4_uoAJ aJo^^II CjIa^j ^j±i CS^\ _L*aj| 4 ^j_juj (J-oC- ^jj 

(J-AJJ Co^ 6 4 }-v\x>1Lj a^^aII A^j£> ^Aj 4 _lx^all s-I^A 4 _sl_^ ^ja CjljLiill (JJiil (*jfc LS^ 

. l_j1_j£JI ^ja CjJLjI) lJ_J) <aUa (J_j _*^4 .4 lo^ol) ^Aj ^a ^aII ^^aII Cy* cJ—^_Aull 


(Control System)^.A\ ^.Vki 3 . 5.2 

(Ja*_a j CjIaIjaII ^ a^aII ^aJJ <-** 4 _Lxs^ 2I 4_^l^JI J_k^all3Ll4 CjIAxaII ^^9 ^^all ^ajj 4i>Lk ^ya 

(CjjA>»^ ^jA 9^ ^a^^lll ^jLoUaj (AlljAj .4 ^JjoJ) ^Ac. (Jxa^Ull Iajj SA^^II SaI^IaII SjA^lij SjAaI! ^jIjjjuo 

^44^ . c_j1a£JI Iaa (j-a Ajlliill ajIaILj a^^j-<i 1I ^^All ^)Vn (J_ j^aII ^3 (Jj _^Ulil ^2^)11 <j_ ui^j j 

.4^1^14 4_aj1A^11 4 4^Vi\1 4_9jc. J! 4j4a 1I ^ 4'jx^i jj ^jj ^Vill 


(Protection System) :-2aLaM j-Wl^ 3.5.3 

^Ac. aLISII 4jU^1! 4_xw)4^1 1_^.a(Ja<u 14 3 (J^aAjj .44^xA4 CjLoj4^1I ^aI ^>0 4jIa^JI j)4 u 

,^-jjJaj^A) lAA Jj^A^ ll 4 jU^ 1I ^aAaj L^bSJ ^2^)11 .CjIaIjJ! Aa.1 
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IS2]- 


3E 





T 

X 



Ouftput 

r-elaya 


lOBasef 


E4B5 


trip Coil 
Supervision 


4W GENERATOR 
f^OTECTiOJI SYSTEM 


—© 


s©- 


2.' 




gS9N 


Output 

relays 


Analog 

outputs 

Analog 

inputs 


12 Overspeed protection 

ZIP Phase distance 1 

24 Vofts/Hz 

27P Phase undervoltage 

27VS0 Accidental generator energization 

27TN/59N 100% stator earth fault 

32 Directional power 

30 Bearing overtemperature {RTDJ 

39 Bearing vibration 

40 Loss of excitation 

46 Stator current unbalance 

47 Phase reversal 

49 Thermal overload 

50 BF B reaker fail ure 

50 P Phase instantaneous overcurrent 

50G Ground instantaneous overcurrent 

51P Phase time overcurrent 

51G Ground time overcurrent 

51_2 Negative Sequence Time Overcurrent 

51V Voltage restrained time overcurrent 

59 P Phase overvoltage 

67G Ground directional overcurrent 

010 Overftequency 

01U Ulnderfrequency 

06 Lockout 

07G Generator differential 

VTFF VT fuse failure 


Figure 3-14 


AjLa^. ‘LajIaiA 
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150 5^.j J£ (Simple cycle) Ajjli jJjj cjI^j Aj <^A LlA L^Aj k^alij yajx^ 4 L~. AJ 

l^all J laj £-a i _ASLj JajJl 220kV ^Jl 66kV yet l^aAS 4_*alj CjV^a-a A-jLjjij 6 Cjl_$ 1 

Single _SL L£ common service building _SL ^LJI j>=2[j Ja^jiAl ^=A\j 

.aL* jl Line Diagram 


:4ljU <U aA C (jdjASJI (dUSaJI ^$2* 3.6 


CjU JA • 
J£ 4 . S 4 ' ‘C • 

1] AjlSIj CjV^a-Q • 

bus duct Jj]~^ aj J^ (J >tasj • 

(MV TR.) 6.3 KV Jl 15.75 KV <> ^UaaU. • 

^Jl bus bar l_i aL^Ia JJS (excitation) _!l ^Ikij 5_^»U. clMj^a • 
aS^JL ^j^LLI (exciters)JL Liaji a i ■ ^a j # 
Ja^jiAl y Ji bus bar i_i U-ai» (static starter) JjJI J.M-juj A^U. (3 winding) oV^ • 

UEL - (3-phase Motor 550KW) ajJI ^jal oU..^. • 
USG - Fire fighting pump 200KW • 

(LV TR.) CiJJ 400 Jl 6.3KV y A^JS A ■ Aa3lA. CjYja-« • 

A .-alaJl j 4^Jl Jii Auj A i-alaJl CAJa-a A j ^*"1 MV bus bar Ja luJL oll 1] p-l ] q j Cjl-la^ # 

_S[j oil pumps_SL 4_^LJI motors_SI 4jAi3j 0 ;-.gV'JI a^JI cjVj^j (excitation) JL 

fire fighting pump <_i (^aLJI motor 

cjLjlki (jaui (jc. AJjiuuAI Rectifiers_SI A-LijS LV bus bar (j^Vt Jl • 

l£j\jlal\ CjVI^ (> _ 5 i (J^^J UPS Jl ^aUaj AjA*J 

(jH\ inverters_SI ^Jl DC bus bar jjjL a^'^u fn UPS_SI • 

UPS Jl ^Uaj 

J JA • 
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• <L^Ai\\ 3 .x 3.6.1 



fjiti ^ ^jA\j turbine _J! ^ Ja-Gj* compressor _JI j\ 4-k^> a_ sjk> ^ (JjUI ^ Uj£3 L£ 

4 -Aac. ^ compressor J! ^jL turbine J! c%^lj turbine Jl ^ Ink. shaft J! 
:(15 - 3 28MKA() 1 -iJjGlI Sj^j 3 ^ i~V 3|A^^ 


(Jj)*\^11 u^L5 4 -jjj 2XBAC01GS001 -iSj-aILj (j^aLaJI O.B ^Gaj o 

2XBAT01 Jaj^lLj 

(J^j_uiaII (J a\\ (jjijj 4_jjj Jajjj 2XBAC01GS004 C.B 3 ^ o 

2XMBJ01 c-aj Cjc* 

c_i^jaLjj 2XBBT01 .^^31 4 ^) t>\) (J a\\ 4ja*Hj 2XBAT01 (J a\\ o 

4jA*j ^jj3 a! j-oll (Jj* ujj 3 ^ J 3 I uaaII 2XMBJ01 (J ^11 AjJxj ^jj3 ^4^j, uoll 3 ° Power 

_SI IaJ turbine_SI liLjaj fuj shaft_SI j^aJ (motor) J«2 aS^JI 

Iajjs AjijSI jjal I Ami combustion room Jl JJI £_ji JuJU compressor 

aSjJI (jc. Power _mll Jmaii »j«j j AjiJli ^LlSI ^aUJI jmfc (> A^pJl) turbine_SI 

Jmaj ja shaft Jl mJj turbine _SI ^Jia XBAC01GS0042 C.B _SI ^Aa jja 

excitation _SU u^UJI JjaJI Ajiim ^jj £ JJL l^UJi rated speed_S3 

Lma 2XMKC01GT001 & 2XBBT01GT001 C.B _SI Jt j> & 2XMKC10 
Jj-Jl Jmaj ^ia aJjJI 4_Jxj IAmj synchronous speed_SI ^Jl JmaJ J^JU aJJI 

. A Ci .Ml' JaJI Jja A<JSI; j^ljjl A-SnaS Jl 

j^aj XJ*0120 J yJI Jj^ a£J3I J Power Aja .j ^ac. J black out _SI aSU. J o 

.2XBAT01 JjaJI 
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(.liljjll CliUa^Q ^ ^joikll) ClilUll Jx^aill — JjVi 


JA\ 


H.V, CABLES TO 220KV CIS 



28MKA01 ^ j 4_Uiij c i j )3l *1^.21 ,_L■ &\& 
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A-iJJ^Sll j£ll 4 julAj& ; £jl jll L-lU^ll 
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^)LA*j1I AjSjj ^^3 1.\iaS 1 (jjiftij (Jaju ^ 4jj|^aJI Aj]jjSI CjUau^i ^ja 4_jj^l AjSjjSI CjI 

4_jj^£j| AiiLlall a!^jjj j ^J^£ll a]^aSI ^ja jI^aSI $/>^JI ^)jAj I&jjAj ^jSI CjLnjj^jSI ^jjjAjj j)\ \\W Ia& ^ jAj 

. aSjaSI lAA ^ja CjjtjSI £^JI c _fll^lal ^Ac. 

(Jajj _ juoj AjSjjSI CjUa^A 4jl Ajjjjll CjUa^AlIj 4jAjlilj]l 4_jjI_A-j]I CjUa^All ^jjj ^ _ juojj^I (JjjASIj 

(Jau_ xjjjj ^jjjIjjjII Cj]jA jUa_uCl 4 _^jjj Sjl^pJI 4 a3 aSjjj R63CtOT (_g<^j (JcIaaj Ajii^ll 4 a3 (Jjj^j ^_£a 1I (j^ill 

5j|^. 4_2 *jA j ^_Sic. K» >>» (^A jl^J ^1 I^AjJ CjIjvIxAI &Ija 1I jj's n 4_jj]^aJI AiiUall aAA 

. IA^. AjlA jja 


^IxJj ^AL^JjuJ 4W (J jfi IjjJlLoJA \jJ_C CCl£ jUl lAjiij ^J-x^aJ (jl ^j^AJ SjL^aJI (j! 4fljfl^ (jl L_U^jlSIj 

V aIa_joi Ja>lc. 4 ^j>Ia l^jlc. SjL^aJlj ^JjjUSI lAAj3j jjU ^ Aifl’il 1^3 I^jaI (JjaII I^jI 1j) I^jjjlSI 4_j1j^ ^^9 

^)—uull ^AAj_jojI (_£a!I j i^xll (jAiJU ^ajjll *^>^-^1 ((^) cl)J)J aJj Ia 4^1 (jj_xAa*J 


Ua (J_ 3 ^J ^^ASI Sj|^aJI (JA AAjbk CjUa^ ^CAj Aj9j£ ^agjjjjllj ^ajjjljjjll j_x-aUc. ^^Ac (j^^A^A ^^ASI SjlajaJI 4 j3 

. 4jjj^^ AjjUa ^Al AjjjASI CjUo^aS! 

^Ull ^a*VI (jA 4 AxLa ^ja IaSj ^aS) ^IxjoiVI (jA (_ 3 ii 9 cJjS^ ^)Sa^, Ia^j Reactor _SI ^ 

^jjIaIjlSI 4jLa^J cAISAj ^jjjJA c A a xti ^Jl (J_x^aJ L—Ua jujVI ^ja 4 o ^ l_A_j^aSI AjAaJI ^ja 4AiSaj aLiaS I ^ja 4Ailaj 

.4 jjA SI CjI C.I x_ ioiVI J CAj__S j SI (j a 4 la j 2 k « SI 4 j j j, Slj 4 la ^ ^ 11 ^ 2 

5 4iUaJ ^jAjSj _udSI aUjVI CjjlSJ 1954 ^Ic- ^ CjAAJ ^SlxJI ^ 4_iJ^j 4jj^p. AJlSjJ 4-la^A <Jjl CjjI^j 

.jVI ^ 5 ^ 4ajjjJI AvLJI 4-IaxAx. jia 4jjjj AjSjj CjIIx^a Aa^jj V 3 . CjIjL^ja 


4133^1 alkali aLytiLil 4.1 


^ 3 > A\ AaijA\ 4.1.1 

; 1 — 4 ^ ^^‘ijj 5i>l*il uj^ <j' (_>ajpftJI (j^ <j^5 ‘ (jjjjjpjjjj l>^ " #ljj uj^ 
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Figure 4-1 


: Cy 4_il*i3! ulisVI y v 

4jjj> 4_ti^ 4.0015 ^jjj'jgll Si^j 4_ti^ ^Ajj 

. <jjj 4_h£ sji^j 1.0073 (jjjjjJi ^Ajj 
. 4_K 1.0087 4_K jJbj 


: JU1! cs^ rjj^jd^ ^Aj^ l-iLui^, ^j£Loj (il t o^ji)i3^3 Cy* ^j-A-^Al s|^j <jl Luj 

1.0087 x 2 = AAj£ 1.0073 x 2 = AAj£ 

2.0174 = AAj£ 2.0146 = AAj£ 


2.0174 + 2.0146 - cjUjjjj^Ij objjjjJ) Jj£ 

4jji aA£ s^.j 4.0320 = 

* 2-4 Laf£ 4_lj£j| ^3 1^)3 (jl Jsl^vIj CjIj(Jl^ ^a!1 ^jaLa^AI 4Aj^ AjjULgj^ 

jhb 

oC op 

Figure 4-2 



^LAVI -Aij c AjjA 4Aj£ s^3 0.0305 

^ (Albert Einstein 1879-1955) ojJt 
4iUalI j! Cajjj (jl C-Laall JlMI (Ilk <> f 1907 

J\ o^lj 4l«J VI Ua L> (mass) sjUJIj < (energy) 

^11 (J^"'"' I 4^lja ^11 (J^"'"' I 5 Aoll I 


• S-llo 
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j$\\ Aul-HA ; J j]| 4_jU£]| 


Sj^jau^l Aa]^1*_a j *_jJaj 3-° JjtLijj! ^J 


E = m C 2 

• BINDING ENERGY JaJI AiUaj AaUail sjj 

LJ all 85 ^ AaUa JJ aJaI^j S^IaII 3 * .1^1^ (Jj^j (jf~ A_aJjU]| Aj 33 AI AaUa]| ^jli (JIaa]| JjLa 

qZ~ 4_^jU]| AaUall Ia 4 Ac. I_uo CjI^L^ 25 (_£^ _ ujj 3 .HI 3 4 BTU AAjUaJ^J AjjJ^a* 5-I^j 33 A* 

. (JA (jJa LJlVi A.xHaA ^ja L-Jb Ia <jj^ 


! AaI& A_la_^J a 

^)Ua_udj^l A-AaC. .I 3 U 3 (_)^ S^IaII A_1j^ (j^fll! jlfl 235 3 -0 3 ^J^ ^jUa—AiA Ale. .1 

(JjoAJ Jl^J J15 IjJj 4 CjLUj^ 999 J-lj AiUa JJ (J 320 IaJ*. (jl J ^.[5 (J&^ _UJJ 

L- i^vj lAlj 3 !^ A aV\ _uj AxiK (Ja V«Aj 3^3 3 a.! ^.a^A C 5 ^ Sj^^Aa AAjI _uAI S^IjjlSI 

. JjjaaA! 

235 ^JA Jaia (jjAl^^L^ JJ 1 ^ \j* JuHl 1_1AJJ tlaJ CjI^L^JA 4 all Sj^5j AjJ^-^ JJJ A l**!^ A .2 

(Jc-UaII (J>La (jA IajjSjj (J^aj .JJI l>° Aja£JI 62iAj .^Uixa l_i_a\I) ^Ua_uij>U JUi]| 

lil 3 ^ 30 JJ (Jj^aJj Ljjjoi 3 ^ 18) AjaIL AjujI AajoUJ 4^ ^ x^iA a\1 ^Ja 3j hiaAj 

^a 3^a 3 j4a 3 £a AjjUaIIj 1.1a A_Liia jjjl 3 a Aja£JI aifc JLjj 3 4 ^(Jal 4_JJ_4 _j _uij 

. LJJjuo A (JaAJ (JjXjulA 


b^a 4.1.2 

CjIA jtti^v AaLjaV^J A_AIc« AjjjjJaj Ajj|^ AaUa ^ tij| AJvLa* 3 ^ ( 3 ^^ (Jc-IaAI (353AI ^UajaijVl (_)c«lAj 

^ US 3 jlH 5 ^ 235 sl^j < 3 a Aj 33 -AI Aaliall ^jj 3 *(tx) ^3 (P) l)^ 

2 JJ AiLuiaVLj 6 3 JJ 3 ^aJuaJLJ Ia 3 ^ 3 -*^ 3 ^-jaa jjc. ^jLx^alS) IJiA 3 ^ 6 3 — 4 

.AjjJ^aJI Aaliall 3A3 ^HaII ^JJ AiLjaV^3 4 CjJjAj ^.llaj^aAjuj l Aj3 .La 3^15 6 CjIj3JJ3AJ 3 
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jl! - JjVl UiA\ 



Neutron 


235. 

92 



Figure 4-3 lULaJI Jc-Uill 


4iUa]( 4_ix^ ^Jbjj . (JjuJjoiIaI) (Jc-liliilj C_9jju Li (jxuJa CjIj jjj jjj ^^[9 4iUall 4 j\x>C. ^aLujJ 

cs^l^ 235 5 j 3 ^Uajuijl 

(j-o 4iUall ^ <LgIa 4-Jtil! . (1 MeV = 10 6 x 1.6 x 10 - ^ Jj 


Example 2.17. An atomic power reactor can deliver 300 MW. If due to fission of each atom of 
92 lf 35 , the energy' released is 200 MeV, calculate the mass of uranium fissioned per hour. 


Solution. 

Energy received from the reactor 

= 300 MW = 3x 10 £ W (or Js' 1 ) 

o 1 ft 

Energy received/hour = (3 x 10 ) x 3600 = 108 x 10 J 
Energy released/fission = 200 MeV = 200 x JO 6 x 1 6 x 10“ 19 J = 3-2 x 10 _11 J 
Number of atoms fissioned per hour 

108 xlO 10 „-- uin 2 i 
= -^ = 33-75 X 10 

3-2 X10 11 

Now 1 gram-atom (i.e.. 235g) has 6 023 x 10 23 atoms. 

.\ Mass of Uranium fissioned per hour 


235 

6-023x10 23 


x 33-75 x 10 21 


1317g 
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(_£j 2 l ; £jl jll 


Example 2.18. What is the power ouput of a reactor if it takes 30 days to use up 2 kg of 

fuel? Given that energy' released per fission is 200 MeV and Avogadro s number = 6023 x 10 26 per 
kilomole. 

Solution. 


Number of atoms in 2 kg fuel = x 6-023 x 10 26 = 5 12 x 10 24 


These atoms fission in 30 days. Therefore, the fission rate (i.e., number of fissions per second) 


5 12 x IQ 24 
30 x 24 x 60 x 60 


= 1-975 x 10 18 


Energy released per fission = 200 MeV = (200 x 10 6 ) x 1 -6 x 10 19 = 3 -2 x 10 11 J 
Energy released per second i.e.. power output P is 

P = (3-2 x 10 -11 ) x (1 -975 x 10 18 ) W 
= 63 -2 x 10 6 W = 63-2 MW 


j-a CjLgI^. 4 * jJaj3 Jj3j-a Aja£ (jA 4_ij^£JI 4aUall j-a 4_1 jIa A- 1 a£ 4jjj 2I 4aUall dj^^C-LLa 

SAl 2 (Jjj-Q (Jjxjuo] Aaa£ i^ja jla A\a jal^J 4aUall j a A. \ a c \ ^JaatJ 


(J-aau 4 j a 1 l 4Jaj)^ki^ . jjj^ll clAxjjl jjA t j^l\ 4jujI 


(.C0 2 j* lA= 1041 cijlxjjJ I^jc. 


c-ii4.1.3 

S.L2*JI jl VI 4_Lal£JI 4aUa]| j a 43 fJilA CjIjA 4_jjjI ^\a~\ jl j>& 

Uranium ) 235 ^Ajljj2l^ 4I j 5*21 ^-aliail ) 4_ijjl ^lajai j^ VI 1 gji^- cJj a I^a^qjj 
1 238 j-o (Plutonium 239) 239 i 4 »^ jaji2l (235 

(_£g^j]| ^UajoijVl Cjljlxic. j* <411 jj 4 (Thorium) 232 ^jjj 2I j-a ^ u^i 2I (Uranium 233) 233 

. (nuclear fission) 

33 jUajaijVI jl (Jj 43j.2L2I CjIjjjjjjAH 4_2lc. 43 Ua c > 21vn V 4lj3 ^)Uajaij| jlj ajJC. j)C. 235 ^ajIjjjII jjxnij 

. dlljS jjjj^ll c hksy\ jc- IgjSUa Jaj 4 nlajll jl 4jj|^aJI OlijjJjjjlL ^aJJ 


jl^ lx\K^ 4 (_£g^2l Jj3^]| ^3 235 — ^Ajjjjjll 4_1 joi 3 JjuaLajl2l (Jc^Ia^I S-Ajoi Auuaj t 4_^lc« 4jL^a-ij 

jJaau jc. ^ajjjlj^JI jjUaj (Jj^aftl 4-^.LaJ) llA (j-aj 6 ^lc-1 4 _^jU]| 43Ua]| 4_i^ C_ljl^ 4_2lc« 42jjaij ^ 

.(enrichment process) aAa *.j C5 -o J u J j 235 - ^[^21 ^ 


* 4 1 A 


S^joixJIj 4jUjuj ; 9 Ujj V 4_i3jLLa 4_jjaij ^ 235 jAj jUajaij>U (JjUII 4_jjaij (jl 

4^jo 2I jj£j jl 4 jj21I (JjUaII .(JIa*jjojVI j-o awIj j!2Lgj 4^jo 2I &3A jij ^jL 43li I^Jj 412L 

4 ^,^Vn^ll (compact nuclear reactors) SjAu^l I 4^21 cj^UJI Lmj 4 l 2 L j^ j* 

^[9 4_3j^2I Cj>Ic.Ia 2 I ^l^jl a UI 3 4j-2Ij jjjjaiC* ^1 L_Ludj ^1 Cj]^jUall CjvLqL^j CjU^al^*JI ^3 
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( 4 jj Jl c^U^ll) J jl! J^l - JjVl 

Cj>lc-li^ ^gJLAllall ^ajJjJI J^VutAj Ig >>HM (J*J IaJJJ %5 J %3 (jAJ ^J)JJ (J*U9 (. fljfl-s'l S-LaIL (_J*J 

. J&l *UI 


JJuJ| A^jLolLg Jljj jUaj (jV 4jjLlqj^ (jJ 3 ^ 1 ^ i ^ jJj_JI jUaj (JxL_l*j^a]l (j -0 j 

— ^jjjljJI i lgjJaxJ ^jc- Ig-L^aS lij. (_Jjjj jLjJI JJuJI J jUaill C_9>llk) J VI 6 jL-oJ^ll 

.4_t£JI J >>»*; (jc. (jUh-sj 238 — ^_j ljJ l ^ 6 235 


CjVI Jm 6 ^jjjIjJI jUaj (Jj-afll (jjall .^jAaJI JjujJ^I 4_jjJI 4 \\\sW 4x4 n«o ( Jx JaX (jjl c.Ia1*JIj 
4iija 1 i>>ijl t (jtLaSb J 4 jja 1I 4 Infill ^jI^ U^ ^4a]| Ajc- 4_*>l*JI l4_*.l^jjaj| ^Jl (j£^£JI .Jail 
235 — ^ajJjJI (JJJ ^iLo 4_Jj ^LiiC. JvLk jLiajVI J JaJjJI L_9vllkVI Jc* Axuau j]|j (j£)UJI jLoJjjVI 
jjjWI juc. ^jjLaixi Ia^Lo j)Lkj! Jl Iaa 92U238 238 — ^jJjJI j ^ 92U235 

. I I x ^ j jl U-0 ^ i i^l-tl \* JU^J 


UliJ J Jail ^j_ljljj_l]l CjLoJJj^ S^juoX ^JJ^ %5 4 nun ^j_jj|jj_l]| wlj C _ n>^V) L_iilaJJj 

- -Jail ^ajjj|^JI ^ya 150 (jc* ^ L 5 ^i %90 4 _JjoUJ ^jAj|jjj]| ^ya *■-1 

depleted | i-u^VixAl i_ 1 u.tO'nMI 4_iLaC. ^jc. ^cjlill <._xAI ^yt, ^' JH ^-^Ij^JI j Jx (JlaJj 

<Jal Jl ^ 51 41a1Ij sJi*JIj 4 j^Ij j^L^jj V 235 ^^ ljJ l <j-a 4 _ijjLLQ 4 _jjaij Jc. iSf^A 4^1 ^ (Uranium 

^ jjjlj^JI ^ya A^JI ^I^Jj£JI ^yt-uJ jlfl 1 * 1 ^ 4q\*\a 4_AaC-j . ^jmjIiII ^jjjIjJI ciilj 

. cJI (Ji ^3 % 5 4 _jjoi1j u^i^x>ll 


(^.^\.Ak\ di\.i^.^.x 4.1.4 

I ( Jj (_)c>Iaa]| CjIjJa 4_i 3 ^}JaJj 4-4 (J^juiII 

4 i3 ^JJj (_£^JI jjjl CjIjL-^ j Jc. (_^Jl_]l <^JI (J-C'L-Loil C^I,..\°> jl (J—C'L-fl-Ail .1 

. (_£g^JI ^UajaijVI 4_LoiLuj 

^UajaijVI (J , ^*- xi Cjlj jjjjJI 4_c-jjuo s^lc- $.Ia]| moderator .^.^ll JLuJI .2 

i JaiuJall ^_Sic- S J) L^JI (_JIa1]| i^ya 4_^jlj]| S^)|^JI (Jajj 4j| L<^ (_^JI 

. JiuJoJ J (J x l ui J 

^ 4illa ^ qJjj (_£)ill - ujVI (j-a Cilii Uj^* (J! • flj^Vl .3 

jy^ c^lx> joi j JI (J x^aJ C_lLo-jujVI (j^i 4 o J L_ii-j^all /u.K\l ^y$ 4fljlnj dLJI 4^jJaj (_0li]l I 

. 4jj1]I CjIc-IxjoiV9 CjJjII i^yA 4_La_i2^2l 4jJ|^ 4 lv\ x>\l ^9 ^jaLqIxII 4jI a^\ ^jjj!Lq ^1 ^ 

4_2kjJ 450 4 jjJ i. 4_2kjJ (_g^ JaxjJa 400 JaiuJaJ p-UJI ^>^4 AjjJv LjV^J® .4 

c—alj J^l JjVl S^Uli 6 $.Ia]| jjl^ CjV-^IJI Jl (Jc.Iaa]| 4 nu L_ujlj| 4 li >.k \J Aj Jxi 
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jill <joiAiA ; £j| c_jU£]| 


A^LII S^jIaII qC* (Jj^aij dHAL Aj9 j\\ £a 1^juja>L] |^laj ^L-AuVI A_Alc. aAAj (Jc-IaaII ^A 

jl^J ^1 (_£^)^JI (JaLaII AjjALla Aic- 4_ijL]| Spl^]| ^A e-LAI IaA (J^JJj t Jaj)* x>i*cAI ^j^Lall $.Ia1] 

. c-L^£JI .111 jj] ^1 4_2>jJJ JaiuJall ^Ic. £-Li 

jlull oljjj (jjjjjill sjjAj JpUe 4>» -5 


ixJLUi .IjiiVl 


urljS' i 



j -k. . 1 1 ■■>[ ■ J. 


■ I -~ 1 ^, II > I in5i II 


JiLA-sJI JLac. aAjjJs 


Figure 4-4 


(_£ aJI A_14_lLla Jl ^aJ 4_sLla 4-J4_9l_la]| (Jj_^JJ ^ L ^j 

. (JjIaaJI SjLjj (Jjjuau] AiiUa ^Jj l^J 


3 c > n i^V* 1 ! 4_j_joij ( ^ 5 lc« c (5-4 (J^-Au) AjA^ll SAac-I 1 i>>ijl (J^JaII ^ja (Jc.Ua]I (J^Jaj 

(_)jAi]| L-AiAaJI £.La]| IaI 3^3 ts^ 4^ A_2kjJ ^_^Aajl (J^LaaII (J-^JAj . 235 (Ja 4_1a]| ^ 5 ^1 

. (J tti\ h^aII (Jc.Ia 1]| CAjA^J Aj 4_Cj_joJI J! (Jj) ks-i ^11 (jJajkl CjLjjj A^-J—d j (Jjlfln ^ajAJ 4Al AjAlla jj 

.235 sl^j ^LjuAj (jl l^J (j^AJ V Ia^. 4-XJJjoJI 


CjjjJ>ulLd SAo 1 _£^q _uaj Al^.1^1 ^LqJlII_J) ^A^.Ia]| lAjiaSi JjjLoj V aV^aII ^ja Aj^jjI ^ja AjA^I L_u_ jJo9 

(pellets) 5 ^ 1 *_L^a 4_ij|^Ja_jujl k " L .' ^JaAJ Ijaj j ^)tj>al A _uix>^v ^Ji (J_j^aJ A9 (JIjJaJj 

J< ^Ac. Aj91^11 ^jU jJa9 ^ x>~v ^JJ La BaIc>j . CjLA^C^L^ SAC. ^Jl Aju L_U x>* oti Ajjj ^J, x-saJ 


y -o I^JL^aI (_)^ uul Aj9j L_u jja9 300 200 (Jaj Li SA^yi A_^aJI < altjj (fuel 3ssemblies) 

50 ^c* iSf^j aa (Jx-Laa]! (jl (_$\ A^y^> 250 ^ 150 y±i Lo ^ 3 ^^ aa£. ^y\j±i j . sa^Ij 4_x9a (Jx-LLAI l-Ls 
(J j^-aJ AA SAaS (Jc^IaaII (Jj» xTi\ ^a£j AjA^II ^ja 4_ia£JI 6AA . c- u^i^s ^11 ^ja 150 
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(ajj Jl cAU^W) Jjl! J^l - JjVl JJl 


(J-jolJ (Jc-UaII J La SJllc-J jJ-uJ jl 4_Ljuj (J J (Jc.Ua] I 4j 2L*J jl ^JtJ Lo-a jjn >rt Jl 

JJL> 




Figure 4-5 J jl u>>^ Js ^Jaii Jc.lio]l i > M Sj_^a 


Q^UUll jJaUa 4.2 

( 4_jJa 1200 Jl Sjlj^Jl ^IflJjl Jl (^Jjj (jl j^AJ Ajjjollj 4 j^£j]| ^^aliaj (Jla. 

j-a Jo^-a]| Jj]| jvUal ^aJ La li|^ . s-Lail jc jja^jJj-J CjLjJ (J_^g'n jl U Ale j^aJ^ 

LaJjujJ^a (Jc-LLa ^9 l» i~ Q\ 1 a\~\a t ^)1 J'll Jj.1^ Jl e-I^J <J jj> >I £-a (JcUb 4_jli (JcLLa]| 

•MP 

. (_£^JI jjjl S-LoC-l _x-ajl ^Jl _ xjA jja 4^kjJ 2200 (Jl (JcLLo]| L_lis ^^9 SjJ^Jl 4_2kjJ ^Ujl Lai 

• ^jujjJJ (Jj^jjjujJ (JcliLa ^^9 (Jl^JI 4_ilc jl^ 1 

La S^lcj .Jj^JI Cj>lc.bLa]| ^9 4_jlj.SI JjJI CjUI'SaII j-a (j.olV'ill 4jiJ j>a£j (_£jl _uLa ci]llAj 

2l^. Jl (_£gjl I^C-LljojI (jiajiJ jjl mil CjJaiC 3.La] JjLa (jJ^.1 c^ll^l m.all ^jljJ! £_jJajJ 

\ ^ tl rt l. . 
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jail AualAlA ; £j| j]| 


5 Jj. Wa 4 _ij^j]| Cj>Ic.Iaa] 1 j <> —^aj ^)Ua_&VI 44 -*_uaaII CjLlaill 4 _ia^ (jL IaIc. 

(J k^aJ 4_3j^ill Cjljlfljlli . ^ 9 1 1 4iiUa]lj (J-oju ^Hl! 4 _jj|^JI CjU^^ aUj 4 ja^j 4jjIaa 

cjIj jL£ J£J _u£! ^jlj 700 (JjIaa ( 3mg/kWh) 4c. 1_ua cj!^ 3 

<- > ^ >■ n~" AS j) 4_1jIb AS 1 w 4 ja^I) cAA 4j^lxll 4 jjI^JI CjUo^aILj 4c«1_uj 

4_ij^£]| 4 isUa]| t±jV 4 _J j_^JI 4 iUal) ^»AiA_ ujj ^jSI (JjAII ^ ja~v ^jlfl . l^J vie- V CjIAj _ uoJj CjIaIc. ^ 

bjarj ^jAajVI ^_La_ uj dl^J 4 jLlax]I 4_L2w^]j_i^JI CjIajJo]! ^3 I^ASAj 4jt_ uaaII CjhlAill AUj ^a ^ic, (J-axj 

(JaUI) (jc- 


Cj^-cA^A j^^ii \ |^.J^ 4.2.1 

(j-a (Jlsl t Ia^. c > n (_£^j_uiaS c 4 \ nfl\l (J 1 a (Jc-IaaII n <j! ^j^aj V 

(J^-jolj 4^j 4£1I 4iUall CjvIc-UaH aAA ^ja x^i ASj ,4_jj^j]| 4 ^\ xnVI 4_i jD^aII l_u_ j^aAAll 4 j\aC. 

•ciA^j 0 -*' 


Vx 4 . 2.1 

s-LaII ^_a \\ (jl ^A ((_£^L*JI) (. fljfl'sll c-1_a]| ^_j-u_Aj ^A c-LaII LjjIjaj^ 

(D 2 0)_ j 4 J j_ajjj (deuterium atoms) c h^ ^ ( H 2 0) ^LJI 

(jjSjj (jli dlljJj ^sLjJaj ^ (jX' ,3^ 

. 1 $\y *> jjJ-j j- ^.[9 cjjj- ^[9 SjA-!l Sjj-j ^-a - -p>>j UJJ 4 J-Uj- 43 JJ u-« 

.%10 aaaj ^jIslSI ^-IaII (Jaj) Lij^aj vLid (JjaII! ^IaII ^a (j^jjjdlla lil 

4)?\)Via\1 CjUjjj 3^1 4iUaJ ^Ac. 4_Al*JI 4 jjA3 ^^3 ^a£j — 4_jjA]| Cj>Ic.Iaa]I ( ^i — ^IaII SAjIsj 

^xCj _9 . SJuAa 4jj1Aj 4_aUa ( ^JI I 4 L4_AUij (JaIjj (Jx^IaaII l_i!a] 4_j| Ia^ (Jc.lAj]| 

.4_Alatij 4 cjjuj 4_1a JjAil! $.Ia]| (j! VI 6AA c j* 1 C^*^tjLSI p-IaII 


Vx 4 . 2.2 

J&J . 4jAj _ujJ 4*j a a k^ij 4_ij^j]| 4iUa]| _ uj\j 4_ij^£j| 4iUall 0JLJJ ^£^3 (Jc«Iaa ^A (Jc-Iaa 

2 kti>U _jl_i>^o"4l ^a CANDU f _ J\j .(JjAill $.Ia]| ^a l_i_aII ^jc. (_|axj 

Canada Deuterium Uranium reactor 
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CjUaa^II) jl! - JjVl ^LA! 

Lol 4 (JxLLall L_lla ^ CAjjjJjdi]) 4ilj^ JaSl^J Lo-o CjbjjJjAdl] <j^aL-aJ-oVi t-flj* x>> 4_lL e-Loll jj-ojj 

AA (J_x La-all (j^ayu (jl c fljfl'sll c-L-oll CjLlxLa-o ^ Aj V lAJj 4 dslC jjj jaaII (_j-£3J-qj ^£9 ^pUI c-L-oll 
. filjAjal-0 ^^Ax (JxLsaII (Ja*_A C-IajV 235“fJA aIj^aII S^Lj &jL ^)X S-i^aa-oll CaLJJJjaaII 


^j-o 5 jj» >Aj _uijj 238 — 4 _a 9 L-liaLJj ^)jUaj SCaA JajjI'N -a ^j-o (j^SdA ^gALAllall ^aaIjJjAI £j\ IaA S^allj 

. c_A^s (jjjLol i^ya ^a^i AiiUa cj!A ajljj uAI cjU^jjjaiIIj 23S — ^jaaIjjaII _caj • 235 — ^^jjjjjAl 

^jfLoJ vli 4 HjA _k^aJ La-o ja£) CaIajjj jAJ (j-'Vi-oj Cl^ 238 — ^jAaIjjaII ( x_-o (JxlilAI j-oJ_ ujA (jl ^j£Loj V 


. a^ja-oJ ^giuiLuJ JxlaAA ^Lall ^arjjAill ^jAaIjjaII 


—^ jAaIjjaII Aj jaIa Izolda_k^al (Jl-oWl ^flAjA l~ n^j CaI^jajAaII Axj_uj 4aA$a ^Jjia ^jx AA^_jouAI &CA (_)^J 

^jflj ^All 4 CaIajjjjaaII Axj _uA ££C^-o ^1 ^Ia^a Ic^Aj .(Jx la-all ^gk (JxLiaII jjj-al_ ujV a _k^)all ^aaj La-o 235 

IaAj . l^_juaAJ tS'^C ^ CaLa^. Axjjuo ^Al I^aXjjuo aa3 C1jL^jjj_u]I A^jz*. AisUa ^j-o Is^Ak, ^<al x^ad-oL 

. (Ja5a 1( $.Lall 
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j£ll 4juldi& ; £jl jll L-lU^ll 






4 AiiUall ^>0 AAjIa 4-ixiS aIjjj t 4»c-j_ juoj (.** vWj Sp ^jUa_jaij| ^jl ^^jUll ^allc* < _ 2 _ud£l 1934 

6 4j 99 III 4Adflll £_n_ k ^ ^ I^-Ia SaIaI _uiVI^ S^aI) aAA jijWi; ^jUlVI AaJ . btAU jjladljl v^j <jl (jSajj 

(Jji9 ^ja 4 \~^ js\\ L£lijl juji^£j_jujJ ^^,IAa ^jdljj^ll 1 x^aJ <._ aIajIj IdLAI d \a\J& ^jl ^Al wl ^UjAI dll A ^-jj_jujJ 

. jlafyl 


Albert Einstein ^jjb_AdA cj^AI ^li <. 4^1311 4 _ixAl*AI cj^JI c-^j <3^j 6 1939 >^61 ^lAll ^ 

^gjll ^JjI^JI filial I l^ja bL-al^ Franklin D . Roosevelt cilajjj ^^Sj^aVI ^^>11 Jl 4 JLojj A^IaSj 

jUa_dj^l 4_jjUll UIaH (Jj^j 4_dlS^I ^ja AjA_ dll (j£* 6 g.yL a j 9 1^j9 |^aaa^ i (j^^^ill ^)Ua _ dj^l 

4_ijjjll AiiUall (JvUlLjojV I xAajlxA 6 4A\jA1I (_£A_^J 6 aI^aII ^jIaII ^allc. ^IdjoliA) . 4_}j£^j 4Ad9 ^Al (J^t^ll 

. ( 4-aJ jujV I ^-lix^ajl 

^A_x-aJ p-ljj ^jc. (jjl^JJ l^dkli 4 ^Vl <■ fllS I a^ xv 4 juftll aAA dlvldol ^g-lc- ^^Sj^aVI (jAiaJ! 5 a13 AAC> 

L-L^j j c 4 JjAll _9 4jj^JI Ajd^JI (jf~ (JflVI ^ 5 -^ (200) ^S^aII 4xjj 4 4_jJ 3 III 4 Infill ^UjV jn-s^ 

. 4jjAJI jjLoi^JI (j-a jjjSII ^gfiKj A9 Uaa* ^$\ £)V (. 4-dlSjaJI CjU aVAI ijp. IjjjS Axjj <j! 

del Jornada ^_ ujL c_a^*j asW\a ^A _uo^o^jj 4 _jV^ ^9 4 ^ ^ajl 4jJai^ jfii _ual 

. Manhattan Project I ^Jy ^ <. cjjaII Jl AA^j Muerto 

J_xjj LaJ 4 j]jJ ^Ac. ^.UJjtAI i^ja WI ^1 . IdUAI i^ja Ar^ij 4 ^.LaIxII ^ja JljJlslII _uLoll 13 a ^9 

. J^sx^ll ^lua> 4_j^ 9 jl ,vftc .1 ^.LcAaII wl ^j| ^"i^v 4 ^_£ 9 jjll (Jc-IajII ^.Aj Aju 


^)J^I (jlijl AsLJj 6 1939 ^_ 9 J-AlLa 1 I 4jIAJ ^JA CjI^LjoJ l** < ^ ^ AxJ ^9 6 (J_joia 1 I^ CjUUdll I^JA 4 \ L lA l H AjUJ ]j4^l 

^ \aC* 0jtlj jlilkV ^Ia 1*AI _x-al 6 jij± ujiij (2) c> 

1945 j2jj (Ja J-AlC. ^JJjAl-uJI (JjAA_d (jjj—d (Jj9j 4 

4_1^ 4j_ dj _UJ JIajjj ^Ij _da £.Ia_joA! ^ 1^6 5*30 4_C.I_ uJI 

^al d^ kl)A ^ l ^L^-aII (J^dll US ( ^lafill ) ^JjoiaII 

Idlau (Jja (150) 4iljuAA ^^jAc. ^)UajVI L^ 5 «^ £A-Ui l (Jj9 ftljJ (jl 

j daawl L 5^1 ^ 3 ^ C 5 ^ Ciljadj 4 ^A>a 1 I (J^ 

5;|pJI Sduj qa 
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cAU^aW) Jjl! - JjVl UlA\ 

6Asu _^[5 c 1945 (3* j _^ Jl^ll J 81^3 CjIa as Cilaj jj ^J^aVI 3aajJ u^i 

Iaa Jjj] (Jaj-o 3-d 4j| 3 ja£la*j UJJ<3Ajf 1 (j- 0 aja*JI u^5 ‘ I_uojjj Harry Truman 

. (^J^-ll 3jl J 3a£I (j-JJ Iaa c_j£jjI 

AjLJI AlflJC> V 1 (j ^5 * ^ 3 jJ 44 l Adlj i f lo\^ W JLj^al 4^qj) 4_a_jo] L-J^raJI dljl£ Afi 3 

c a!£A_uj ^aUlaII aAA 6 3^41 ^LuJ-i VI ~ (jl L-J^aJI (jl Ain^. (jjj^jjAj /1 (j^aau Aac. 

. 4_13JI 4Idftll ^Ia^IuAj (jl JjAJI ^lijVI (JA (JJJvLaII 

(JJJI ^ uojj ( Jc3 4 3MJ A ^ 4 j 9 9-lll 4 \ nflll ^Ia^J—jujI ^Asu (JaAjJ l^^—x^aj A3 (j^al I (Ja 3Jj£ 3^ 

Jc. di>l£ 3LUII 3! JjVl :3nu>i\ tdlij Ujj^l J *tikll dj Ajli Dwight Eisenhower cajJ 

^vLaSI lAA ^A^JjujJ 3I 6^11 c lAA JLa ^jja Sj_gjjJa A23J V9 c ^>LujJjujVI (ALaj 

^3 4 _aj 1 j 1 _a]| Iaj_U33J& 4 _ajAa 333 4 j 9 frill 4 \ nflll Jalfi_ ujL 3 J 3^ 3 J 4 (JaajJ ^ 1 iC >1 t LJ 3 _ uj>Uj . 5 ja (JjV 

. 1945 

^3^a! ^bal^JI 3 ^ l_j^JI (jij _ujV 3 ^y 9 ^l J-j 3^ ^4^3^ 3SLI3 V5I 34^9^1 ^IajI <^3 3jj^ 3^Vl 3^3 A33 

JU> — 4^.1_jua 1I Jc. SAjA^JI Sjflll — dm3 j_joJ|j 34^9^1 3^^>°VI 5j 3 J 4-dyijj 4 jI^jLaVI 

. cAUa 3jJ 



3)A 4_)JJJ 4_LlAflJ 4 \a^ A B- 29 iaiiai o»ial t 1945 o-ku^l 3 )A (Jjj^LojJI ^Ib^a (> 2:45 3 

6 <. h x^ajj ditc-l—uj ca_joj Asuj . (^aI^JI Joj^aII ^ Tinian Island 3 ^hP ls* 4 j£jjaI sac-Is 
Iaj-Aj^aA 4_ajAa 3 ^>a (3_^3 Laj^Aa 3 JA 580 ^IajjI 3)A 4 \)\s\\ duill ^ALUll du3jjllj LiAjj^a 8-15 4 c.Lua1I 

4IfAfll l dmll (JaIs— uic-l 3 a ^—uaUll ^3 ^xi .4 _ia!_uajVI ^3 Sj3^-a 3^1 c"vW'il 1 4aa3Aj (Alii Asu Cj^jlaIj 1 

^ 80000j 11 a j >\gj4A ^3 (jAxd-joi 140000 Jl (J—JAaj Ia (JjUaII cJjs a3j i ^£ 131^.14 aAjaa Jc. 4_jjtii]| 

13 ^d 1-i A t.t i 3 4xuij (JaLxw£.| 3 ^d (J^aJ c 4jc.IxjoiVI ( 333 ^ 1(3 CjIaAxasJI c-ajjuaj 3 I ^ 53 J 1 j 3pj41ja <. 

# ^cj 3 U 1 I 34 c. ^jIaaII 
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Hydropower Power Stations 


filial I Juljjj jSaj <j£;Uaj CjljJaJIS Cjlc-lijjl (jjjA l^J j£Ul ^UaII A^jJ cA 

aAA ^ A3 . 4jlAjjgj Ajlj'V 1 -£-a 3 jl jllaA^i (Jia^J ^ll! jiajVl 4jt-llla C_ljlS IaI 4_x^aU c 

. cLiaII JasLoiA jA Juljj jSaj CjVUAi 

j4_A) iSjy * c> jSUVl ^ ajAa (Jac. ^^jJajiba l_j ibak jIa^j) CjIa <j£;Ua c_ulS IaI Ul 

^Acj J^l j^j (j£^aA ^3 (JUJI jA US AjAjuAI fiAA ja L-JjaIIj SaIo A_Aji]l CjLLl^a LaJJj . oLsaII jjJpAil 

. I jJjj joi (JIajuJ ^3 <AjIja]I J^-! 

(jjj [^.Uj CjV>Loi ^ (JjAal^. ja US c-lj^ll aJjjI s^oiIja ^lll a cjVvLAAI Jl 4iLjaVLj Iaa 

4iUa ^Ac. ji*A ^ A&jl cs^ cLia]! ja 4ja^ 4jI jU AaIc. Sjj-aJj . SA^AaII CjLV^I^ IajS 

Ia|_9 . 4jS^ AiiUa ^1 4 AaIS]| AiiUa]| C_AjaA ( ^AaI ^IajjI ^1 6\ja]| 4ja^ C^A-nA lAli c I^jlSja 4AaIS 

. 4j<ji1£a 4iUa 4_njjAI ^gAc. C_ijj£jj S^ajS Axjjaj CjjIa 4jj1a 4_njjj ^^Ac- 4_la3ljaJI cIjaII 4jaS i^A-iUi 

. Aaj^S AiiUa aIja]I ja CdjIAll jjJaaAl C_a^)lal ^Ac. a]jj aSja]I j ^a £a 4_njjA]| CllaJj lAjj 


.3-5 Jl 1“ 5 (JA (JISjAjVI ^ jAljjIj^ A_jV^j j3jA Ajuj^ ISjaI ^-A ^jIa Ajoj jj^V A^ja. Jjj^a ^^Aj 1aj3j 


123 










Figure 5-1 



Figure 5-2 
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Figure 5-3 


^ylil QUaaa 5.1 


l^Aj 4 ^Ac. (JSJic. (3 ^*Jjojjj 4 j AiiUa 0JJJ L^jL Laj^oC- CjUn^xAl cAlA J)jxm 

^\ji)!\ jijj (jl 1.1^. a< \ u ~^ LT^ ^^'V kl, V 1 (J«laua l^Aj 4 AJajjujj 

(5>iUa 150 MW Ji 20MW 

JtALj 4 JjoJi ^Lq) c >\ jla 1 \ 4_ia£j Jaijj-Q I^LaC. (jj_9 4 AJlc. ^LaijJ 4jA£j J! l^j) 1 J 


5j l j9 CjUAjWI j 4—ajx.VixAI cLixAl c_j jjolLq (Jj-q 4_i2fcjL^ CjIjjJ-q l^Loc. 


A3V\^\\ ^l \yl AiijjAo 5.1.1 

^IflJjl J! dLixAl 4_i^ 4~ llaiA IAIA 4 1 ^jl34_LqI^ AiiUa ^Ac» lijjl ^Ac» £.Lg 4_i^ 

dllaJj IA]j 4 Sjaj^ Ax^jjuoj 4jli ^jLq (_gAc- i** <l^\m | jjj AiiUa ^Aj AiiUa C_Aj^j 

(J^joAI ^3 U£ 4^Ua a!j^AI duliAl ^jJaJtAI 4 9^jAal ^Ac. .A Jj 4 Al j>AI J)J)~^ a o^jjAll 

.4-5 
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W^ 

Dam Powerhouse 



.4u]Ul]| A-luujj]! (JA 4-al^ 5)^uaj AojIaJI jJjj a uaJIjj 

Dam ±A\ .1 
Reservoir .2 

jjoJI (JajujI CP Pts i Penstock (JjLaII ^ .3 

.SjIaII ftUxJi 4 _ia^ ^ Control gates cjIjI^j l$ja s^jj£ ^cjjou l$ja lS^^j 
L£ *^|_9 ^ s^lc- 4 _ujjj 1 I :Turbine .4 

.5-5 

ftUxJI ^jGj cjjjIjVI cJajujI ^ Lo^icj . 4_njjjll (jja Generator cj^jj .5 

4iUall .ll jjj C-Ua. a!^aII ^ jjjJ) ^jJajtJl x> j ^Lcjjujj S^*JLa L-AjjL^j S^jj^ 

. L_9|^lal ( ^lc« ^- 1 ^) 4 ^ 1 
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Figure 5-5 


m (j-a Aj>la (jjjjlil! jjjAj 4^241*11 ah*]! 3 a*j ^jl a*j :outflow l_l^uoJ! l_j.6 

•uhjA^ 3>*4 V l5 ^ jjouj 4cjjujj 

* ulli*^ ^jhn CjIajl-qj ^ CjI^s x>ix>\l (JlLo 1 5Ac.l-u.uJl CjVVI j CjIajla]! .V 


I^c.a\\ AijAhl 5.1.2 

4_u^ A>uxjj . j^ 4 jjLq 4.*.uiJ 4jC.ll!ajL-£al S^r^j 4^1^. c-LJI j'^jQ 4 ^jLg c£>^o ls ^ C5^ 

:Ua 5a1_^&]| 4jjj^^]I 4iiUa]l 

. ^CjIAiJJJj]! C_JJjolLgJ AjoJI £ £>l_La]l ^Jojuj CJ^jolLiJI (j^) 4 ll*\ xll < &1 a. cLlaII ■ 

. Cjllj jj ^ j]| (JvLk 6Ua1I 4_ia^ (3^43 (Ja*_a ■ 


: 4_ij^£]| spall L_sLai^. 

alj-all 4ili^ X ^ciy^a 9.81) 4_uil^J! 4Uc. X ^tiy^^)3^4j]l 4_i^ X |js| ^IajjVI = (<AjI^) SjAaII 

s*U£x ( 3 f /^1000) 

. 4jjU 1 CjUa^al 4. Uu'llLl %B5 J^ ' ' L_lJ^)Ai]lj 1 - 1 .^—£9 Se-lfiS]! ^—11 4 i. .'.'i\l ijj 
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CllUaa^all) -sll — (J jl\ 


^ c-LJ) 4 _ia£j 4_i2 c-LJ! L_l jjolLq ^lijjl hn-yi jj ^La .Lai 5^43 t flhVij 

.ill jj] 4 h"\A ^>j£I .spill 41^1*-* U1 cJj^ 6 .iljadl^ s^U£j Cjl_iijjjj]l ^1 

.4_n*_jJ! Qu^dl .lapj CjI^I -s j-v 18*000 ^La Ajuj <j-a 


Example 2.8. Water for a hydro-electric station is obtained from a reservoir with a head of 
100 metres. Calculate the electiical energy> generated per hour per cubic metre of water if the 
hydraulic efficiency ; be 0 86 and electrical efficiency 0 92. 

Solution. 

Water head. H = 100 in ; discharge, Q = 1 m 3 /sec : ri avwtl// = 0-86 x 0-92 = 0-79 

Wt. of water available/sec, W = Q x 1000 x 9 -81 = 9810 N 

Power produced = WxHx x\ overaJl = 9810x 100 x 0-79 watts 

= 775 x 10 3 watts = 775 kW 
Energy genera ted/hour = 775 x 1 = 775 kWh 


Example 2.10. A hydro-electric power station has a reservoir of area 2-4 square kilometres and 
capacity ? 5x10 6 m 3 . The effective head ofwater is 100 metres. The penstock ; turbine and generation 
efficiencies are respectively 95%, 90% and 85%. 

(/) Calculate the total electiical energy' that can be generated from the power station. 

(ii) If a load of15,000 kWhas been supplied for 3 hours, find the fall in reseiwoir le\'el. 
Solution. 

(i) Wt. of water available, W = Volume of reservoir x wt. of lm 3 of water 

= (5 x 10 6 ) x (1000) kg = 5 x 10 9 x 9-81 N 


Overall efficiency, ^overall = 0 95 x0-9x 0*85 = 0726 
Electrical energy that can be generated 


= WxHxx\ overalI = (5 x 10 9 x9*81)x (100)x(0 726) watt-sec. 

- < 5 x 109 * '> * <‘°°> * <° 726 > kWh =9.89,175 KWh 

1000 x 3600 


(ii) Let x metres be the fall in reservoir level in 3 horns. 


Average discharge/sec 

Wt. of water available/sec. W 
Average power produced 


But kW produced 


15 -84.r x 10‘ 


or 


Area of reservoir x .r 2 • 4 x 10 6 x x 


3 x 3600 


3 x 3600 


= 222 • lx in 


4 - 


222-2.YX 1000x9-81 =21-8.rx 10" N 

WxHxr \ m muU 

(21 -8.r x 10 5 ) x (100) x (0 726) watts 
15 -84.r x 10 7 watts = 15-84* x 10 4 kW 
15.000 (given ) 

15,000 
15.000 


15-84 x10 


= 0 ■ 0947 m = 9.47 cm 


? 5.1.3 

SpUa CjpaJ 6 4 xill (JjIsljujJ fi-Lu .Laill 6^*11 ^ x «a3l ^)all 

4x^)juj iTy QlpJI ^jLall JaxjJall SjLj 4_j| C fl^5MI SpUa c > ^ . ^GSVitStiOflj 

^Jl 4 JjU! 4JlaJI ^j-a Ai-all 4 Uo\W ^ c -J) ^ gIiaII lax j AiaII 
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<jj ; j^jl jll '—jUSJI 

AjA^»a CjIc^IaaII aAfc j'sfln CjLiijjjj]) Acjja S^Lj £a j t Ajjlc. dilc-Ua Ajj^a ^(JjLoJI (jUlc.^ AjjliJI aIL^J! 

. aJUJ! CjIcjjoJ! $aa Ak Jjuoilll l_ 9 UjI (j* ajV <aUa 1 i Cjlij jj^ l (J£fc 



^ju 2.\\ i** AU\a 5.1.4 

6 La] I ^c_jJa Aaj^Is 6 aLIa CjLaSLj Aij^£JI AlUa]| (JaxJjujJ L]l_^. AAj^la <JjAaSl (jl l_k ^jjjuoj 

(JvL^. ^ja Al]j A*J AlUa]| ^aJ 6 — 5 ^^9 Ia^ (JJ^S AjJt-llla SjjjL-aJ J)J)^ (jl)^ C5^i 

^JpAil Aaj^^]) CjIA aJojujI^j cLa]) ^i^] aSIaxjjojI ^jj ^Cn^\ ^ja ^ajli ^}3 jj Aix9 c AjjIa Ju]jj CjI ln-s^ 

4 L_llla]| Ak. AaUall aIjj] AjjA a\\ sLa]! aAA (JIa*JjoiI ^aJ t ^£jJaj AlUa Sjjj^a ^^9 ^>0^) LS^* 

. Au^^ll 4iUali ^lAjV Aj^jIjjAjA CjIAijjjj (JfaJ! ^ja £9Ajj CLu^. 

Pumping Storag© (2 >j^a]]j ^cjjall Aikb ^aaojj .AiL^aa ajc^jjaI ajajj (jj£j <jl ^j^aj SjjaII aA^j 

jj^aAJ Aitk. (Jja. ^ AjLoia ^jjjoia .AjflJJ AujIjJ ^aJJ UlU^j 



Figure 5-6 4^4 ^jAjj ^jja aU^a 
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^4_uLq]I — j jV' t _ )\ A\ 



130 




js\\ ; £j| j]| 
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4_jjUsl1a C-sUo^-aII C.A& g-Ujj.il ^)Ixjuj1 Ci^Jj^al S^J^Jl 4iUa]lj Juljjll CjUa^»A (JL^-a n.oMl CjLnflj ^a 

L>LaJl (j^Q 4 c-Lo3 CjIj cil (_]£] Ciluj 4 Jl 2015 ^ JAjuJI l~ U'V l 4j.\j'flMl CjUa^-xJl jI*ajj! £-A 

^jjoAj ^^9 ^)jL-sa^u ^Ljj 4 L*>"\ a ^9 ^)XjoJ1 (JjoAJ 6 (cs^*^ 4 _Jjuiajui 4 a ^9 j j^I 4^)jui ^jjjjuLaj 4_}jaiAjaiII 

. ^ CAj I^ja 250 sp9 ^Lj 4£jj-<J s^aIaII EDF A£yi) 2015 ^L*J1 


jUjc-VI 4^.VI ( *-aj 6 ^ a ^ju^aj Jul jjII ^jV 4 _ijj^ CjI^Jjoi JlaI 4_^.l_iJl ^4c- 4jLa*L^aJ ^alikjVl l^A 

- J l IjlA ^9 4 _juojAj (^^1 Cjl^Uall ^jill I1& 4 _la&I 4^Jj La ll&j 6 4_jj^jj£jl CjIjLxjjV 1 (j-o (Jj1a1]1 

l c Ja£9 J\2 a^ ^!pl 4 hia'V ^Ic- JjSjjll pj 1L 'J 


4jj jjJaj^£Jl \j>LiJl CjUo^a • 

4jj|^J! 4jjoiajoJ1 CjUo^ a!1 • 

Geothermal J cAU*%* • 

XaW ^yd Ju]jj]j CjUaa^A • 

^Ljll CjI lv\ a • 


(_£^j£j| (Jpll (J^axJ S-lpaJI 4iUall (JjL^JI j^Jadll ^'S'V 1 — 6 (J^wllj 
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^ft.Y w" .ati (Jju^aall 



.^Ij>JI OoUb9 djuto 9 >^iJI ooUbJI (y> v juuLul Ji-«J-u 9 .o^xuuoJI oolfaJI £lul ,ju> j-oJlaJI ^ju^aJI sJjlo ,2013 ^oL: <jub 

Oju^JI I 

OI 9 U 0 378 | 


aJlog^^U! oolbdl ■ 
£b>JI <u>Lb 

dlJ9-u39>^iJI OJujOjOujoJI djbUbjl 

oj94aJI aoUaJI ■ 
©j 3 >oJI OajujjOuuuJI oalhJI ■ 


ojoLoJI LiJj 9 J 1 

C,l 9 lL? 172 


uiioji r 

%UgbjLi 84 I 



ULbul 

M "4 

vJlghj-i 49 


Figure 6-1 
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j$\\ 4ulAi& ; £j| j]| L_Aj£]| 
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Uy\yW myi CiLks^ ( > JjVl 



LudLudl (JAAjalllS 4 ^)Uajui3Vi (JJd2j ^’IaAjVI IAja ^Ic- ^ 3^ ^vLaC> (Jc-lflA (JAAjuJI 

S|^j (Jj^jouI tl CjiIja ^ja 4j jj| ^ IaAjI \g \-vl^ i "vw 6 ^ Cy* 

. jjj.AJ.uib 4_1 jIa 4iUa 4 _Aa*JI 6AA jC- ^Ajj j ^jjl^JI 

4JIa>U Uj3j c ^ajj]| ja Cj3j]| L-Lud^. <■ o\~^~ (_)j (j^baulb ^yaj^\ ^Jj (Jj^aJ V jaajuJI ja 4fixJJ a]| 43Ualjj 
. cAIIa ^1 Iaj 4 (jiajVl ^JajuJ 4 _i^.L1a]| <JjiabA]| £jjjj] IflSj 4 jjJA jaill 4 jjoA]L 4_iuajVl S^SlI ja 4jajojjaII 

. Cj\j 1300 J) 1000 (JJjLa (JaajAJ! ja ^pajVI ^glc. £-JjA JJa (JS jl Jl JJjAA CjjjjASj]! j 

£_ja jAa (JS jl ^^Asu Ia^ 3 %10 JajujjjAll <^3 j £'}*Ti V S*US l^J (Jj-^ <^3 4jjaixui]| LJUJI a jl i~ n*s j 

. ^*LaAaAjoiAll LJUJI Se-US IJuin (_yaJLU jl Ajjjj <Ajjj 100 bjj£J aIjJ jl jSaj LJUJI ja 

I <uUsJI ^ <uLii 6.1 


jAjj A3 ^Aljj Ig-x-A j j!aI*Aa]I 1^_^Ij^j ^All 4 jjoiaAJI 4iUa]| jc. CjIaj1*_a]I (jiasu ^J! 4j]b]l 4 aAAa]I <^3 jaAj! 

* 4_\1jujV I (jAiau (JvL^. ja cAIIa (^yajC- Lujj . L^jbjj^. ^3 4 jjjC. j^->» J] 


<■ iiw^ W 6.1.1 

jl 4fljfl^kljj . 1 a]j lAA ^3 ^jiaj>U (JaaJi]| ^jl c > \u tn (AHa ^jl (2>^ jll 

I 4 I 0 L-fiAx-tfaH ^3 jj£j ^Aslaj . 4-ujj)^» a Ua^» JaA3 ^ ^ ^ ^l^Vl 

jj£j IaIaIs ^jaI . 

4 JJ1) S^Ua Ajjjoia A-C-Loj 24 J£) 1 ^ (J (^yaj^\ (jjj^A AAj^la ^3 (^ja AjV L-iJjoJI 43 ^)«_a] 

Ig xtifl*1 (J_^ jjAj V^l .^4 jujV 1 S^Ua 4 Jjjuid ^365 (JjjajuJI l^j]j^A ^Aj^laj 

^jjiAjudll (J ^yaj$\ SjjA Ia!^ . 2 — 6 ^^3 Ia^ 4_2hjA 23 >LjIa l^jij^A jjj )^a 

4 J jIAa ^3 jjAj Jj 6 CjjIj ^>ia3 t g^‘i l^J S^jIa ^5 j^ Aj V I^jI ^j-i*-A3 . LjjjIa j ^-sj'^1 jLoia ^3 (jj^A 

. ^>^V1 ^ja (J^lal Diameter ^>ia3 

2-6 ^ US cN.kj c_Ajj^al) j! ,w"nti ^4 ajjjJI JjaI! JS 4a 3 jiA ^a]|) JUuill 5^11 t gfc^'i Ua^I j\b 

( x_flj 4jjJajVl 5^)£JI (jC_l3 (JaAJ ^3 6 (^jAajvU 1 ^_^Jja ^JIajoJI 5^)£JI (. jj^aj (jjSj 

4^.|^j 3afl3 (_)a ? IaIaIs . ^jaajoiII i^jC- Aaul (j^£j IaAjc- {£I (jjjjAll ^)Ua ^ja 

^jc« AxjII SaLj^3 i (j -0 4_Ljla SAaI ^jaajoiII 4_^.|jj I^AV 4_jUVi 6 4jU.V) (Ja ^ (JaajuJI 

^ liaM ^1 u^iaII (jl ,W"nti ^ 1 u«oa! I^Ajj3j 43jj CjA^I IaS IaIaj (J^lal 4jli*All Ajl IoAa (J* >J (Jaajoi]| 

IaA^ . 4_^Ajuja ^ liarj ^ n^ii ^ 1 u«oa 11 ^jl ,WAi>ti 43j ^ <AjAaul q £J 4 4 3j ^ cJa 4 nar a 4_^.Loja 
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w" ^11 4jjUall CjUaa^ (JjL^aall 

4_^|^j ^jLilL^jjdAjaill (jf~ Asul (jiajVI (jV W (Jj ^jjaajoiII CJjil (j^ajVI (jV (Jjj3 4 t flu ^ II ^3 

. ^}j£l ^jiajvU (Jj^aJ ^il\ Sjl^aJI 4_lx^5 (J^ 3 ' c flu^ll ^)l^j I31j ^^jjkiAjaJl 

(J^aII (j^ ^>La^I LS^* (jj^J U^ ^ fc^ljl ^LajaJI S^)£]l (, ^ £JU C-LjoJI (jl (J^jall ^3 Jsl^V 

.(Jsl Sj|^JI 4 _vL^ 3 ^.LjuJI (Jj] (j^fL I31j 6 ^^JLjjuJI S^)£JI fl i> ro*1 4_a»ljj V (jJd-ojai]| <jl La 


June 

(Summer 



March 

(Spring) 

© 



- © - 

September 

(Fall/Autumn) 



December 

(Winter) 



Figure 6 -2 


(_^lajoi11 (Jj^. ^ ^jLl jIjuia L5^ 4 Ia Jja-A L )j^> (jljj-i 


? <X1ju1-c.jui\ \ t^\ (^\ 6.1.2 


^jjaxuIII jli ^LaJLI S^)£JI i hks-\\ ^3 LI 4 j| ^Loll Jiall 1 ^ )o Tfutn ^jl c > 4 l-i^yLa ^aI 

( ^_ 5 3]| X/L2I ^3 4jjouu1]I ^I^IVI <jli ^ 6 c-jj)^>ll 4 _i^.L 4_\jLi LuL 4_LaJI 3j)*^ Lv® (Jj^as <_£l 

: JL 1 I JljjaJI j . cj^iaJI 44 ^. 4^.jj ^jl L_LShj JLuill 5^11 t ^ jij 


?L_^i^\\ jVl^\ 1 6 . 1.3 


^Juiaj3 ^yVl eg-^V 6 ^L-a Cb 4 jjI; 4joiflj ^jj^JoiVI Ja^. c " n< ^ 4j| 4i2JAa3l 

C_u£ 131 LI .4_^jJ 90 4 j j]j S-^l ol^ egiA^ 5£Jl egcg^ ^ j t 4jflal 

IjUJl^jj ^al^i-aJI <^1x3^0 eg-^ <—flSjpLJ (Lj^3 La^ c_Jj)Wll 4_^,^ 4 jj|) c . Ut1> ^ (j)^ 4 _ijjxJI eg^ 

.4_iic. ^aj ^311 ^>^>*31 Lxk 4_^u3 ^_L. 

33 ^- e^iajV I ^ jLNf 1 ^)Laix 2 l ^jV 6 ^4 ^ -v \1| ^jLoJI ^jj^l (j^ 1 —ix-x^al ^(Jj-LI 3)3^^ 

.3-6 L^J> eg^ ^ lU«JI ^ 4_Llc 4_i 1 ' ^ .7-\1 
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Figure 6-3 J 


(jjdAjai]! ^jLoia 


^3 1 £ J wi.3 (j^oj 4x h±a S3c*l3 cilliAj .^JlLo (> J_lq AjjIj aJ i ^ j ^3 (Jj 6 llblj Lo£Sj <■** ^^ 4jL^/la ^JlalLjj 
. A_LaJI ^3 cJj L l£ (_5^ ^joiajuJI ^IxjuiVi (j-Q S^IaLuiI ^lc-1 (Jj^l A_Jj jj 

: S^lall £>AAj 

aJUJI (JaxJI A_)j Ij = ^ A_2^p 15 — (jiajJtJI li'V A_2^p ) • (Jj^a3 ^9 

A_JliLdll (JaaII A_2kj^ = ^ Jaa. A_^jJ j r^jj^ Ljb^aJi ^ 

.A_Jlilxill (JaaII A_2kjJ = ^ 4_2fcjJ 15 + (jia^*J) Jaa. A_2kjJ j : ^tLjJI (Jj^aS ^ 


XJ2J (^J-ajaJI Jajln'N A_i9 4 — 6 


/i.TrJ-CH-flijn 

Yf 

ftertn* 

* h* 0 *sin*u , _ 

SlOCSSK^Ti . ‘ *M«rj^ a 

_■-*" -*»_IT__-_EMM 

Va-™«-- P*if uua&EBU, .uaiM, 

_cne«y»_._JA«I_MwntL ncrw._l stlrf,u '_ >WroaAr ' 3 _iSK5_.tn^i 

^ * 5 - "Emrwer 

- Tu£M * 

8Sf „ Vuerr trim An ^ lfi -Tohr^Ji * , . Seal* *ToKyo 

t*sabffl . . .EiiiWad Kabul * LBhWfl Ch^inffdv .SHinghp] 

Mi>ii*;Iqii w ” L-bs" Liftf0 ' [>Ahi CrurighJng 

Mam -,.. Pi ’ 1 ™-' ™A* csfcutuL** 0 ^ . h ^k™ 

HfrSk:c.C-.> _ d*jc** Ktuilcijm* L _ H^Ch. -M&lfi 

lOPM— ^ - £222 -f—■ T^- -. —-— >a --"- , ' nri -ION 

Bmoiff- F,M ** n • Uvs ****»>» 

n * Lbftoilta^ > ^SuwtHMe *o 

U Qu-io * Nairobi U 

inot. Lvs™ia> _ JaKailfl" -not 

1 v ^ Una- 

'imp 

flamrtfi* ,v ^ 

*L.aPaz *Br«ii ^ 

4U 9 

£U 9 

Sn3ro "Ji 2 bar.oail-.jn 0 BiabaM* 

Sanhago 

4G ? S -——-- 

Y^ppnottor?i? 

# P$t\h- 30 5 

^liyeiKre AjfM C«»*tb*o ^vdftev* 

---—— ---- - — - ——— - — -— 40-S 

Chtifeiiiid ) 1 


Figure 6 -4 4^' 
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(?vY w" .ati 4jjlXa]| CjUs^a) (JjL^aall 



^ad$d ui 4ataMhfe4lJI <UUaJI JA djkfrhNl^l 6.2 


; ^jAxiUaj ^1 yf~ 4_ia^£J 1 4iUa]| .lljJ (jialjcA ^3 4_AjuiAjall 4iiUa]l qa S^IaLojVI 

4iUa]| (Jj^j PV GellS 4 _aj jjJa^£j| L>LiJI ^1.1 ^Jjuj1 ^AC. 1 jjJaj^£JI — 1 

^j^AJj . 4_aj jjJall 4iUal] hvLiJl gIa ^uaJjxJ ^11 ^juaIaa (J^jaiJ 4_Ajuiajo11 

Sjjfrx^a ^^9 ^-^aII ^)1a]1 ^Ac. 4_laSljaAl AiiUall {ja %15 — 10 (j -a Ia ^Ac* j (jl 4jLa^)a]l 

. ^Atl]! £^J1 C5^ 4-IAaVI ^9 Laf£ OJjjAaa 

4jtJOlVl IA^aIIj CaLxO*A 1 4 A In'll ^Aj 4 _Jju1AjuA1 CjV^}a] 1 ^aUaJ (j^AJ Ia£ — 2 

(Jj^j ^jj 4x -^±ia j SJAxIa CaLAV tfi3jj c 4 m a 4juL ^so 4jjl^pJl 4iUail 4 _LgL^J1 SjjI via 11 4-ix.ti.Aull 
(J^joiJ 4-iAJ^l 4iUa]l ^Ac. (Jjj^a^Jl ^xAJ ^1]n’ll IAa ^^3 ^AtALj 4_1A^^ 4^Ua ^11 S^£ja] 1 S^l^Jl filA 

.S^jAaJl 4^Ua]l C_lUa^-A ^ja ^jlSJI Jlldl ^^9 IAa ^uajxjj .4 -AjoiajoAI 4^Ua]l ^JjujUa ^)-AC- 

■ = — =, A±aj.^^.\\ <-" A Vnx ^\\ a\1a\ 6.2.1 


Sj^aII ^Ac. s-Uj 4_aj jjJaj^£Jl ^■l^lVl f.^ntn ^lAl ^llxll ^^3 4 _Ajuiajo 11 4^Uall CjUn^t a ^)j£l LaA (J^ojxJjoiA 

14 InYxi (J^ (jA 4 <\\aW 


UjJmjI 4jVj Aiaa-a-1 

cAjV^I ^a UjjjJ 4 jVj ^a Ljj iki# ^a (5-6 <J£i) (Agua Caliente Solar Project) ^ 

P\/ ) 4_iAjjJajj^Jl Ij^j^JI t ' l y\< \ 4^jjkiAjuj 4^Ua ^ 'v. s\ ^jj^l (jV! 4 a5w Jl 4 -a^ajaVI S.WIa'I 

J! 5)^SH j t jjja ^ 9.7 J1 4^Loia ^ Hajj (Photovoltaic solar cell 
^a 4 lv\ a! 1 fiJA L-ftlljJ l" n^. (First Solar) 4^)JU1 (_)^3 ^JA 4 )n"\ a!1 o 1a l_ia^jj ^a ^3j t ClAj 1 *n j a 400 
. (_]£1 caIj 77-75 (jaa 4_nAj5j Sjjiij (thin film) 4lj^)ll 4-iuiAjjll Lvl^Jl ^a oj4^ 5 
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l£jjLi — 1 

^ 4 ±141\ ^ HjjLi 4 _b^ ( 6-6 l!^) (Charanka Solar Park) aU^a £& 

C j 2014 4_a3 4_j^a]| 4jj L>LiJI 4_nijjj 1 > iaJ I (J-oau 4 ^ 19*8 

. uj4-o 280 cj|j 1^jx> 300 Jl 



Figure 6-6 Charanka Solar Park 
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0^1 <_ f & aIxxjs ~3 

(Qinghai) 4*Ha> a^dja Aj^a ^a (7-6 <J£i) Huanghe Golmud Solar Park ^a 
PV j ^llxjl ^3 4 j l ,i ,~1 L3la 4_]aa>a C_ul^ .£jj-a ^ 3*64- 4a Low ^ \r. aLojj c **dl ^3 
. cjI^ Ua* 200 Igjjaa jlaj 2011 ^a La& (Photovoltaic solar cell 




Figure 6-7 Huanghe Golmud Solar Park 


b ^\ a.\i\ Ax*u.ajjaV j .i ' A «^\xi a 6.2.2 


.la^J 


l ^jLoUaj 


( 8~6 rl^ 4 i) stand alone or off-Grid system 4 £i 4 dl >j& j>ala ^Uaj -1 



Figure 6-8 
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(9~6 i&i) Grid- connected system 4-u^t g^iaiiv» ^Uaj -2 



O PV generator 
O Switchboards on DC side 
Q DC/AC static converter (Inverter) 
o Switchboard on AC side 
Q Distributor network 


- DC connections 

_ AC connections 


Figure 6-9 


i (Jjll! £.UjI C_l 2 j AiUall CjLjUaJ (J 79 W" (j! (J^aaII ^ja xtifl'i 4 aIViVI fijiA 

Jj]jj t Jjla Ji 4-elil ^ja ^Ac. Aaa*j cil]Aj 6 

(J^Uaj LvL^JI &A& . S^jj^ CjIjIjjc. 1 4jjL^ajal ^ ^cJI. 6 \ja1I A~\ 4j.1aj] 

t£UJ! oj^ Max Power jj ^ Sun Tracer ^Iki 

• 10 — 6 ^ U£ ^[9 4jJJA 



Figure 6-10 j^ 
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% u cal^ 4> ^t jiiJi 





solar 4 Jjo1Ajoi]| 4jj|^p2l 4_n£j ^-IjLjlj t (JAAjuJI 4*.julV 5 ^joiLia]| (JvL*Jjoj1j Jj]JJ 

LI^a 4laxAjuaiLoi cjI^Laa (Jjj-qjuJI 4jljuiI ^ 4jjL^.21 cjLLi^a]| .thermal electricity 

^paJAJ (JjLoj I^ji 4j^al_^. OvIjaLuja £a2 4jjoiajoi]| 4jljoi'V 1 J)^)Jj 6 4_1 j1a *LqV ^ IjLoj^ ^1 S^juLq 

(jSLajj. c-L^^ll Ju ]jj CjLnjj^j ^)jJu jLiall liAj 4 jl^2 4_h^>kjj c-IaII ^jjikjujjl l_ujUVI jg.li g Sjjp^Jl 

4Ajj 12I 6.l£J aAJj - ^X-AfSall jliJlj JaA^l^g a^aII^ AjJjIaIH J2Hj jl 4 ajUlS) ^»IjV1 ^ 4jIjlLujV I 

.4 mil cij^LJ) ^l.Vsurtl J2ijj 

<ujIjaJI qUam && £l£d2SI 6.3 


: jAA Cj>Ij CjIaJ jJVl-O ^JA * W Ij AxUXJ G A& Ju]j2l CjUa^AJ 


<?A\ Aa^ \>>u 6.3.1 


^aJJj ^Ja3 (J^joi 4jjujajoi]| Cj^^^aII ^Jojoj 4_d3j 4 1 1 — 6 (J^ k ~ ^ ^^9 ^p-laJ ^g2l llA 

. ^Sjl^Jl Jab) C-u^ll (jj^joul Cj^IjaII j| j ^ ^_i^ja J^gia c£)l>^ ^IxjoiVI 

parabolic ^aajJI 01)^21 4a& ^,^u>n 1 j jjjl 4(Jjl jjWjj LjlfJ 4_1 o^a] Sj_g x^21j 



trough solar 
^ U^Uj d±^ thermal 

L_J J^AJ 4j!1ja SjJiAjj 2009 
6.1A tilljAJj Cjjjl^JA 130 

t L_]|jlA ^1 a 4-Ll2^a1I 

4jj]j^J 1 4aUall 4 j9 ^jj 

(JjJAjoJI (jC- 4^j12I 
4_1aIc. 4Jo^a]| ^Ajj] ^)l^_2l 


*^5^i CIsIc-La ^ 

jlj i (JAAjoJI 

Cj|j I^ja 540 4 


U^JjuJ 




Figure 6-11 parabolic trough solar thermal 
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Figure 6-12 


JajujjVl (JjjJoAl 4 Itsa (J3I3 
jt/l/i ^^-3 CjJjuljl ^5^1 I A& 

12“6 L&S) ( 5 j^ — CjIajj^II) 

jJaflll J.W~n2j ( 

4 _ 21 a^V 1 4 -a>Lau 21 (J^^aJj 

^Jl 4 jjquul]| Cj])£>a 2 
l^Lj^ajJ ^aJJj £-JJ-g Jj-Q c_2l 220 

^[ 9 ^I Jc' 


(j-o Cujl! (jSilj 

JLk2t .23-Q 


jL^j 4 Ivs alb ^£Jl 2 £ 2 I 

Jl 4 j2j 2) 4^jl_k2l CjUa ^-21 ^2 La£ 4_iij ^jj ^aJ c 4-ajJ 400 4_2kjJj 20 laxjJaJ £-±lLa 

t (^x-nlall (jf2j 4 -all ^jjoAJ ^9 ^tll2 (^£.21 ^ (J2^~3 C_ilx-saAa^2l 

.4^|^l^l (^ja 4jx y*\\ CjjjliJI 4 .-va^v ^j>>1 Q'v \\ c£1]3 (^ja 4jL^_ 2I 4_±jaij ^aAaJj 

(j>a ( _ 21jj 3 201 3 (_£-9 ^ F* ^aJ 2ij Jjjj 4 n.^^ L-Jjflllj 1 ^jjaxujo 4_Lx^o ^_2a ^2 ^3 Ljajl .la^J j 

. Cjjjl-sj^ 100 ^JLj 4_i^lijJ Sjjiij jia j[& 2*5 4_^.Loia ^ic. s\ja i 258000 


^^i\\ 4 a^.\ hix 6.3.2 


^jjoSxjj i~ n^j (13-6 J&&) Lg)£>2l £p2l (J>^ 4 x>j 3^21 4_^2ajuix2! I2j-2I (j-o 4_1 j\a jIjc. 1 ^a^ajjojj L^jSj 

.(Sjl^aJ! (J^Uj C 1 J 3 II ^^Ac. ^ 2 ! ^> 2 ) J! 12 j- 2 ! cs^ ^AasLoJ! 4_xjjj'2! 
















Figure 6-13 ls 


J 


<A11a j c 4_Jlc« Se-U^J Jill ^9 CjUa^»xJI aAA (_y$ ^ljj| 0^*2 £jJalljj 

4iUall 4^_£All ( Molten Selt^ l_iIAa]| ^_Loll ^.ajuJ 4 j«s Ixt SaLq 4jjobQjoJI 4iUa]| 

JaLaII 4_Aa£- J^jII (Jjffl ^ l^lA^lJ SaIcJ ^jj (j-a J CjlA^p. ^ 4 jj|^J! 

IkaVl ^ ^ LJ2j^aj^*JI CJ^jA 4Jl^» ^^9 (j^jlj Aj9_^ Jaftjll CjlALoui ^l*JI 4iljJaj ^j^xj La^ . 

.aJjAU ^aj>JI f UaII <^1 (Hybrid System ) c_j 4jL*H *aa ^^uA j 


c£>lUW 6.3.3 


^xt'sxJjj .14-6 (J^Ai 4j.uba.uJI Cj|j£j-all j| j 4jj|^JI CjVaUxJ! ( ^1c« ^joixulll ^latjaiVI J)J^jJ ^Aj 1^j9j 

^)j£l Sj^ua ^1 ^jubQjaJI ^AjuA^\ ^jjjqjoJI 4*_ui! ^ SA^j^qII 4aUall (Jj^A aAjuJ ^A QolleCtOf 

. (jj^Alj^ ^Ia^JjujvU 4±Lli 
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^ft.Y w" ^11 451131 C_)Ua3^ (JjL^aall 


S^JI JU\ CiLa*. <> £l»5M JUJI 



^ic- jjIjjj 6 ^joj V0 — 30 3^ LS^~ < ^ A 4^jJ jjj»~n <jJajV( 4^JJ jjIjj 

^jj13! 33^3 c j^ixk 20 _ 15 (j-o * *^*-r 3-^ u -0 1^.1 jijI 5j|^. jjjb (Jjjj 3^ 6 Ja* 20 — 10 3^ 

^ 4_2kp ul^ *03^1 (j^sjVI Sjl^. l_ujujjj 6 M3QITI3 ^jiajVI 3)^^ Jjjb ^A ^131 

Aj 4_2^p 20 ^-laj3l Sjl^ 4_2kj^ Jajjjj!Ja 3^ t LloC. ^)J-° 100 l)^ 4_J^l<a CjLa^p 3 3,^jJ 3)^^ 

S^Ljli 3 ^ 3 ) 1 .IjjjAj ^ 2*7 &£* .He. ^ 4_2^p 100 ) £.L3I 3A^ ^-t^P ^An u’ 3)^^ llili 

^jjj La £AJ ^A^ 4_2^p (jisjVi ^-lajoj 3)^ ^ 50 3^ '^ C ' ^*A3 3^*-^ ^^IsLl C5^ 

6 (j^ajVl L)^ 3 ^ L5^ 3^1 2Jj-a^1S 4_HS CjLjju-3 c3Ua ^jLilL 4_3 ^jJ 1800 — 1200 

. ^ 8 ^A jlauV I 431 (Jx-aj 3^. ^ 


3-\o\. 4 bj\j.^ Ci^V^. 3>/\ 3-x 6.3.1 

CjJjj j l^_iC- C-jL^aftjls 4 ^jjaxu3I I C-ljl^ (jJajLM 3^ S-Lalxll 3_5^ 4_Lal^ll 4sU3l cLa L > \ u " ^y UuflJ ^9j 
C_ul£ ^ ^ ^ "'J «ajlj 3 L 3 A AJL^. ^9 L_ilfl]| ^^JLj L)“^J 6 3 j u (J>Li. 4 u^tjVI 

(Jjjlj C_Lata ^31 4jjJajVI 5 ^joi3I (J^jujjj CjIjlj 5j|^JI 4^jJ 4_^jljj 4 4ivLoC- 4 jljou> 4_jjL 4_L^ 3 ^ 

4^nj 3 j 3-3^ JaiuJall SJjoi L ,\ Ul 'lp L)^ 3 ^ 3 (_5^ S^a-aLall (_)^ ^x^11 La-a ^yaj^\ 3^ 3 ^ J 

4_3^3a 4_ 2 kj^ 6700 ^ 13 ^. ^1 SjI^JI Cjl_ 2 kj^ c_.ac.Lj 3 La-a ^LajjVl CjULoc. CjIjj S^joi3I 3j^3 

.^jVi 3 ^ 


1 j j)» ks-k l^j (^-31 La : l_i*_x^ 3V1 31^3^ 3)3 tCjVvLall jhn i. hf\ Lj]j ^ 3)^^ ^j£13Lj 

clA 3 ^ 3>^ 

• 4_LL3I 3)^1>2^ j>flTi 4ikL3) filj-alJ^ 3-^ SJLoC-I ^ lA^)j ^1 3)1 

4(_£^all JaiuJoll jjjtbj 4 l^aJajuj t-" 4 jl-o^I13I cIiaII Sji^pw ^_9 jj ^3! 3)^A C5^ 4-ul^)3l jj)4. . ^\la 

j!La 5000 JJ SJLaC-l (Jiui (_A C ' Ia]^ 4^jJajVI ^-Sajoa ^30 s-Laljj JJLojj^ 4 &LloH 

15-6 (J^x 3|_5 .SjjuoL-a 43 a Flashover 4_L^^a ^1| 3A^^^ u'^* ' c^ l)*• ^ • !LLi^.l 

.4jjJ3jVi ^)£JI 3>* cg^-b ^2aA-a c> IaAsu ( t Uti\ CjVl^Si 6JA ^-laJ 











Coki 

meteoric 

waters 


P«2»0IVUII 
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jill <joiAiA ; £j| jll c_jU£]| 


Recharge area 


Hot spnng or 
steam vent 


Geothermal well 


l mpct-rrr\oa bl e caproc k 


impermeuabte rocks 


Flow of heat 
(conduction) 

Magmatic intrusion 


Figure 6-15 o^jVl cMi Sjlja* 


4_2>jA 4jjJajVI J^£.Ia]| 4_2>jA ^IajjI <■. \Utn C5^ 


£>Ija]I fiAA 
^pwLua]l £.Ia1I ^ 


JUJJ JUllj . (15-6 L&j) LS* 4^p (jSLaVl (J^axJ ^ (jUlxJI 

ikjjaiJ j) UlUajJ ^ Ia£ JulJJ jLkJ) aA^JjuJJ j) 4 IV<\mjl Ia£ SjjalllA AlkLaJ) 

. 4j_nH Cji^IaII Aj51^11 ^ja 4 aA^JjuiaII 45 Uni I ^j_5 jj] JuIjj 4_la^A ^jAjJa j) 4_L^ja£ 


5j\^\\ (j^^LLuA 6.3.2 

c Injection Well cj^jjI ^ajuj (JjLaV ^-IaII ^5a] (J^»a c_j^±j| aaj ^a*J ^jj 

cLia ^cjja ^jj ciu^. 6 Production Well cj^aaIa]! ^^Axa!) $.IaH (JUSLuV 

nj c 4 j]1*JI £a l^KyJ 4>jVij (JajujVI 6\ja]| (Jj^aJ IaAac-j 6 (JajojI Jl (JjVI ^c- 4 jaIc- 

A* x«Qj°l 4 vU1a UaX *.>> vlSjJlA ^p»VI L_J^jjVI <JA jLiJ) (4 ^j 5 1000 jlij c" IJ'V j SAjoJ C-IaI) 

AjIjj I^ALa ^ja 4 a4 x>i Cjljjjjjj ^jJajj 6 jUJI 41 a A* x^oj ^aI! c_9^)la]| 4 jI^J ^5j 6 S^AJ 

(16-6 J£i) jM caIIa <> isUJl 
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Figure 6-16 vi.i l 


GEOTHERMAL ..Jl £l$J 6.4 


:(_aVa\\ jV*-A\ cALa*. 6 . 4.1 

6 ^ 1 904 Ajjuj ALq UlUajj ^ C_Lo»l^Jjail ^il\ (JjoAJ J t jjl uTnl 4AjjJa]| CCA 

)i» x>i jjjb Cl^J J^2 v^a]|j 4j2x<i*JI AjjJajVl Cjbula]| ^x\\b (J^juoj c-IaII dlUa^-oll fiCA Cm 

l-Ujouj 4jj|^ c > m*n c-Lo jl_kj (Jili ^glc. ^pa3 AjLiac. jLI yiz*. A la x n j^j AajjVunI ^jj 2 t (jjJlc- 

AiUall ^cjjj dllclj^ll jjCj CjIiijjjIj ^a^iaj^aJ ^aJ L_Ujlj| ^ jLipl! jJjujJ vAi'l 

.(17-6 J£a) Injection Well ^qjojj <. ^.>>j 
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Figure 6-17 


' - * AU\a 6.4.2 

1 ^^ ^jj (4_}^1a 200 4_xj2jja ij\AL 4_ikjJ C_)l j (^yaj^\ L " SJ^^aII (JjI^juJI CjI 1i*s a\\ aJA ^a-l^JjuoJ 

L_J3fj^l Sl^UAJ JAJ C_J^lj| ^ (4_1 jJLa 100) (jUlC' ^3 ^IaI! ^ajijj L—U^. Jl 

. I LjJ^ajVI JjLudll AjuJjjaII S^iJI <- > ''»n 4_likjajj ^aJ ^ill s-IaII ;~j . ((j^)l^. (JjLa) (j^AjuJI 

4^)ia]| £>Jl£J 6 ^p.LaJI C_J3fjVI Si j)I_^A Jl b,W A JjAjS LJSj£jJj J^aII (JllJufl jl_kj]| 

(18-6 L&j) o^JI yy (j^ajVI <JI IjiJl^A ^^JjaaII s-IaII ^uJa Jllxj . jaIuu 

. (Jjj 42 I ^jc. c > nflTill (j^Lal (_5^ L-illiJI ^ ^A a^A (J1a jLI (Ja*J 4_^jaja]I (J^IaVI (jl li*vV 



Figure 6-18 ^>0* a4_k^ 
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Tidal Power Stations 

^3 32 JI ftl-Lo (jjjJ ^£9 . ^Laall Ale. 4ij3*a<AI 4 j*j Jll ^aJsAI (j-o J 3 JI 3 .IaII 

^ja Ijjj 9 (jjflj Lo-Hc. ^Aftll 4 _ijLL^ (jc. ^cjU ^IajjVI ILa (jl (jj-^lau V . (j£^»VI ^3 (j^ifl^, nj ^&jj]| CjIc-Loj 

6 ^Aftll C - J Lo-llc. J 4 (^J^J^jaAl &La j)C. IjUxJ ^Afill Lq-IJC. CjA^J I c*l]L (jlj 6 (^J^J^jaAl &La 

33 ^J (jiajVI (jlj 6 (_£ja»A ^jui (JS SjjJ (J^jjAl (jg^ljJaJJ J ^ ^sjIaI jljU J (jJajVI (J>^ J-^l (jl Lalc> 

fiUx-<a |jl^9 6 Jill J 63 JJJ ^Aftll (jKj 4 (jAXA (jl^La Jc. 6 J^VI bjS) ILli . 4 x^Luj (jjjjaiCj jJj) (J£ l^ojaAJ (J^ 
l^ilL j)A 4 c. La! SjJOlC. ^jjJauQ ■AX-lJ • 32 JI ^La £J3JJJ I LI . AjJ 4 jJjLL^. (jlj (jl^xAl C^llL j)A C_JJj5 ^Aftll (jl 

^_lx^aJ9 4jjJajVI Sjll (JJaJ l.4j|j 1*^*4 4 jIL (jl^AI (jc. l'\}*J J 6 Lja9 (JjUa]| sjJL 3 - 0 $]! Ujfe 6 Cj9JI 

. 32 JI fiLlA (JjjilxjlA Q^Z&Lj J JtllljJ 4 _joj£ 1*A ^Aftll 4 _ajLL^. 

^gjudlLiNf 1 Jal^oo]) 33^3 4a (Jaju dlia> LaiJ (jA ^JtAI ^JLqjuAI <._<Jall 3 A 33 JI 3 4a1Ij Ijjjuoi ^JLlSI 4>Lj J^Ij 

400 SjJliL 4 _ijj^]| filial I JulJ 4 L>^ x\ tiJUA CjLSuI 49j i Ja (jjjylj Jl hjt± 3 J 4jjo! (J^Jj Jc. 

(JjVl x~AI (. Axoaj ^9 (jj^A] 4 _^ja]| aLJI IAjj4j9 4a] I (_£^a 4_x^aLk CjlilJjj^ £jJaj 3 l~ 1j\ . CjI^L^J-g 
. (sjjl I La 4_j1^j ^3 S j g xrf'ill < ij^aj ^9 Sjoa Iajj^jj ^joa 4_lajl^JI ftLixAl 


TIDAL POWER STATIONS 4ll ^iLmUI 6.5 

(_£JJj ftLA 4^LUJ! 5^9 ^ 4 (19-6 (J^jo!^ ^AUJ) ^jC> j)^^A|j 4aAl ^OkJJ 

vWj j 6 joaflll (jiajVI 4_2 ^jAj o\jla1\ ^gAUlLj ^20 CjUaJakoJ) fiLoa 

J>Ji (j-o AaIoIa T-v“ 6 ^jjjIa AxAI ^gJAlala ^jjj ^ ( AjjjjJa]! (Jj>^1j (j-<» ^)^V1 L_ljLaJI Ljajl 

. 4flLi > La ^ Sjjj jJalL AsW)a ^3 p-LAI 


^jjjj-<a L_JjLa]lj Iij <^L)^ U -0 L$\ C5^ (J?c{1iu±a jlfl 6 (jiajVi 4>jVij 

.4AJI4 SI s^aII 6 La (j^AJ V 4j| VI t Cj|j jLS ALVLj U^llc. j-4aj 6 La iA\ s^j 

CjLLxao(AI ^La 4c- Ijgqa (jl VI ^L»AI 4^Ua]| ^tljV AAjIL 6 ^ILtAI ^3 4 a S^joiC. ^HjjVI L<a tilljAj 

JaVI ^)^°! S^jojlSI (£3x1 j (jl l-ia>J jj^JI^ JoAl (jjj (^JjujoAIL . jjj^JI^ JLail 4 >>> S^Alia -^3^3 (_gAI 

jl 4 ftjUj l- ia>j I^S . jjl^VI i (JjIa ((j]j^^ j!>^4 Uj^ U’ c 4 L>^^ll (jl tdlL Jl L_AjJal (, 

,4aUa]| 4 b^A 32JI (jc- 3JI U^ixa 3I ^rjl'sll (Ja-saflj (3^1 Axull 3I 3^1-aJI 3J3 ’^>4^ U^ixa Aic. 
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..4 Moon 

lEjqfW 

(quarter phase} 





Safear Tilde 


Moon 

(full or new} 

Lunar Tilde 


Spring Tides 




Figure 6-19 ^ 


Cjj^ C_U^£ll 4jdal^ ^9 ^^ 4_3Lajai]| A-all l^_i9 LJ^J 

. [>!« 1 1 Jj A* 


y i\\ bj.^a 6.5.1 

(JvL^ ^)A^Jj^ AaII (J^)3 L5^ L£LaVi CjUa^all eAA Ajfln 4_jli Lj^A La£ 

^ ^ Ajoj £-L2 vlLa 0 -lL^. ^ic. (JjJjAa (jl^<a A^sa^ ^^9 ^jLlI JajjuJI Lai . 3J> Lajjoi^ 

jljiJI ^Jl cLlaII jW> dlia> 4 j]LJI JLoll ^aLI ^j>a Iajj SjjAIIj . sLlaII l_ 1 £^jJjouq ^-ajujj La ^1 oLlaII (JLaJ (_£a 1 I 

^glc.) LS^ 6 jj^l ^aLI IAJJ LaAic* .Spall 6 AA ^ c-L^^ a3jJ U^Hi AjoJI (JvLi* (j-a 

Sp^ll (jJJJ 20-6 (J^jaill^ . (_£p.l Ija s.L^£ll a!jjj j ^IajjVI 3p (JjAaflJ eLxa]| £2^p3 i lij^s *all ^^9 4_lxa 

•c>^ 
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^ft.Y w" ^11 4jjUall CjUa^A^ (JjL^aall 


^Vi PligVt High Water Mark 



Low Water Mark 


Estuary Floor 


Figure 6-20 j 4 a 1I .laljii ^ ^ 


lgJu>4 ^jj ftUxJ) Aja^ ^Jc.j 6 4 a] I UjjI ^^Ac. b^4 Ia£ 4a±ju Ia4j]jj ^jj AiiUaH A_ia£ 

^j^aj . 4a 1I A^^p*. *ISI (Jaaj j! /^aJ l^jl . (jjAl^jVi ^9 (Jaju ^jl CjL^jJoaI] ^j^AJ . CjI^C^Jjaa]! ^9 

i^lL . ^ppll (_£^Jjoia ^ja ^Ac-I ^A La ^Jl CjLc-jJjuoa]| ^9 sLaII (j^pjaiA Ljajl l" il 4 ,>>^\l J.K“ i nl 

^J1 c^Ui 4 jlj sLaII ( xj^J ^JJ . cj-iill Sp3 ^9 ' \. v W ‘L 4 AjjUa]! cilvL^Jjual ^Ac. L-lUall (Ji2J LaJuc. L^aj^'V j i 1 *^aa 

. c-L^^ll L-iliall 4l4jj (JJA. ( 


,4ij^_x2| JjAjoAL LjUa jj* x^i 44 Ajajaj l«lja3 Ajajaj V 4_iaLJI £^Jja]| j! L4aj| 2a^»vL 

L_1C-JJjuJa]| c^l Lonul dlia> Lu4j9 ^9 J)J)^Jij 4 a1I ^_L» AaJAJ 4_AjJ 4 )-V\ A (Jjl £.LlJ ^aJ 49 441 liA ^)_Uj4j 

^ja aAjIa CjLa^ ^c4jj 1^4) 4aSI ^ja 4j]jj]| CjUo^a 4j|j 9 (_£4^Ai ^aIsALj . 21 — 6 (J^joAI ^^9 La^ ^p*a]| 

.Ajj^I Cj i^b (j! (I)j4 A9LLSI 
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Figure 6-21 ^ <1*^ 
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gL>4l <uUa 6.6 

^cjJa ^jraJaj e-Loll ^Jajoi ^Ic. C_j£|^a1) ^9 ^jaLoJI 4 9V1 *1Lg 4iiUa u.^* l A 

(jl ^J! 4j^k Tjtjll C_)Uajk'S xiljj 4 _ia 1*J! j . (_£^kVl Cjlfljjlvill ^uaxJ L_uk. ^J! 4 6 kail 

. akall ^LjJaj L-J^l^JI ^VujJ ^ja (Jjl ^aA 


1 a£ \u ( ^ g juJ j)~\ xll S|]j] L5^' ^ LS^ U^4J^ (Jj9 L_lUa^JI ^)J ^)-oC- IjAjjoJ (jl ^1 IjA j 

^n^ij j! U^Jjuj 4_La c > t\li9 l^jt-L^a ^jWnnj 4j| S|] j\ ^jI c_jk.li £• Lj^]| 4_i9 ja£* 4JLoj 4 

.4_1j9j 4j ^)^c- SLI (jl 6 5-^.1^ ^jj-LjoiaII 

^alc* ^^9 \A44 o (Jj^aj ^Lll (j^)fl]| ALo "Wind Mills'' ^'L^}]| (.jj^ljJa Cjjjoujl -lfl9 L jjjj l ^^9 Lai 

(J^i-SI (jlS 4 jpk^l 4j^.Ua 10000 (J* J^ii I^J$A ^ 4i^.Ua 8000 (j-a J&\ Jl AjJvLixi 1750 

4 4jU5jJI Cjlc-jjJI Jal_La Jl 4_jJajk*ixall JaLxa]| ^ja "W3t6r PUITipinQ" aLJI ^cjJa ^A J/a*l ^jojjJI 

.IAjjCj Sjl^ ^-Aflll L_J^^. "^jl!" jU^I Sjl .J^ 


^Vjj.\\ j ^ * ( __ s _& A^juix.juoA\ 6.6.1 

JUJLj "Solar Radiation" iJ ^A\ 4*J& olka. Jjj jUJ[j ^iajVI ^Jajoal ^tfalx^aiLoV A^Jdj ^ LJ k Jin 

IxJJj 4 4 j91j^ (jiaL'S \\ JI <k]i jli £.1^11 (j'S ttij La.lk^j 4 4^1**^ Cjla^jAj JajoaVI 64A Sjj^. 4_2^p 

Cu^,| IaI 1 JaiuJall Aji laixa ^il ^^jouul]! ^Ajuj^\ (J^J Qn.j JaiuJall As)^\a (Jflluj cilljll 

<^joiJ ^Jj (^Jjj L<ua ^^Ic-Vl ^ 5 joiajoi]| ^IsljoiVI 

? ^Vij.\\ CiVii^j^i 6.6.2 

^■Ljll 4^Ua]| (Jj^^j (_1-qaj a! j-aj J^>aC. ^Ic> SjijJ ^jluj ^A ^ 4jxtij^ll CjU^aII 

I4Aj 4 CjI^CjuJ) (j]j3^ ^ L . \ u ^ 4 ^i^A 4 jl 9J ^kj ^kjll cr^ LqJLI3l9 4 4_ij^^ 4iUa JJ 

CjV 4x_xa ^jhn' ull9^ Cjllj jjg j]) c^Uj 4 4a^)^ 4iUa ^cjlii9 Jj-<J) (Jjljojj ^jljjJil! 

. jk^t ^ lij 
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jill <joiAiA ; £j| jll 

^jII ^jJaj3 iiil.ll $ Cjl^ilill ^)Jn3j 1^)11 A. CJjuj < ^Ac> ^-1^)11 A -sV^ll 4lUall 4 j-<^ Ixusu 

^aJJj 4 (jlajVI ^-lajuJ (jf> ^IajjVI lll)j ^-L^il ^Cjjuj <jV $ ^l)jl (3^ S)l£AJ jl jjL-axJI (JjxjouI ^I^JjujJ 

. jj^£]| Cj^ 4j-<^ <j^ajVI ^j-Q 4 jljujIj CjI^Loi^ ^Ac. S^JJ^ lllC.ll CjLnJjjdll ciiij £jlaj 



(JjAa cjUAjja.1 IjuJ 4-lq£J 1 tilijj 4 c.LuJ! ^ CjI^ jjJb 3 Iai^j sivull CjLV^II gHj 

. lUU! (^j-ic- ^9 \$ aFi* a l^j-all C Lj1! (JjA^» ^ja cillij 4 ($.Ij^£JI ^ja <^y a^uui 


^."lyntixi jli 4 4lUall lljl Ajla c > x^oj Lui 4 ^"1^)11 4 x*jjoj 1^j9 (Jaj ^lll dilljVI ^uaju <illiA (jVj 

. CjlijVI ciiij ^^9 4 -Ji^JjujV AjjoiajoiII 4iUallj ^1 jjjlllj jxi*J lllaljWl 111^jll jjflj jl <« > L^ll 4lUa 


(Jaa 12 (jc- bjlu> 4 j9 ^"1^)11 4_Cjjuj Jajuo JIa (Jaj VI 4 > I'SJ (^ Ijj (Ja^ uUj>ill J^VI (jl^ll^ 

. Ix-Loill ^9 

I J jlfl SiI^aII 4lUall ^lc> ^ 1-^)11 4x^)juai ^ .all ^Jjlill l^lajj ^j£J 4 4_juojLi1I ^Ac. ^aUjj ^Lj^II ^Aax aj 

jijjj djj^ "Off-Shore Wind Farms" 4 ^pJI ^jl>AI 1 *j 1 c. jjikjj ^UJI J^li ^LjJI £jl> ^ 

.(22-6 cJ^Ai) 4 -j^LJI ^ l^ic- ^-L^ll cjIcjjuj 




C-lllA 4j^=jl £”ljj '^ C '^)3 X 




Figure 6-22 


«>\.aj.^\\ iii\elAi^x 6.6.3 

:(j- 0 23-6 L&JI iJjllI 4 -^jj^q (jj^JJ 


(JiLd siji^JI ^I^jVI ^ 20 ^1 cJAail Rotor Blades Ajoijj 3 ^1 2 iic. — 1 

.j^ 1 130 jj^I jjW^ 5 —^ 
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^ft.Y w" ^11 C_)Uaa^ (JjL^aall 

i ^jjj Jajjjj G6ar Box i^j^y (j^Yn^ — 2 

4JLa2l ^ AJil 30 ^1^^ 4x-jjol3 42c. c_2jj ^21 4 nlnill 4 x*jj2I jj)*nx> .3 

42^21 ^3 4fl] 1500 ^c-jjuoj j ^ 2j21 SjjlViA J ^ -^>j (^21 3^5 42121 4 c*jj 2I ^ . b 

01 . 1*21 (_)£j HousinQ ajIh^j >2^21 ^Ac. j ^ Nacelle ^21 s^a 2I 43^c. 3 



4jju2Li 4jjjj^ll (Jxo 4_>jjj jjjju 1 ^j^oj CLu^» i <j2jll ^gk ^sVn <^21 CjIa*_2I ^^Ac. Lja2 (JaLoijj i 

^21^ ^j^I 4cjjuli 5jjtLo 4_ijlj^ 4ilj ^jjjlij ^21 qIjj2I ^-cjjoj ^A121j j 6 4Jajujj^j 

.ciy^a 30 (jc- AJJJ VI l. 1j .4-221 ^ Jj-G 5 (JC- cfc VI <■ , 1>J 


Rotor 

Diameter 



Rotor blade 
Gear box 




Wind 


Tower 


n 


Nacelle 


Generator 
Power cables 


Switchyard 



Transfomer 


Figure 6-23 ejUjl« 


J 5 J 3 Jl (jVI CjL^aj Cjl4_jhl (_)ia*Jj dll^jL^ 1500 500 Ajj^i LsjJ^ 4?“® —4 

. Ob 7 j 6 

4jlAA^J ^aJJ Cj>Ljl^ ^}4C« ^kV 24 ^Al^.) NJ Sj 2 l]| (Jiiij S-l^lLi ^aL^JI (JJ)^ 2 I ^ajAJ — 5 

. (_)ii 2 l Jaj) li4 £a bjj^iLlA S.la^ (J^ (JLx-ajI ^aJJ V ^96 (_)ii 2 l ^Al £^)ll ^ (_£^.V1 dil^a^]| 

^ja 4 x-IajjI ^Ahj^ (JjpjoaVI (j-a ^ u^ixtllj Tower ^ 2 j 2 ! ^^^Aci ujfY^ ((J^» 2 I !.^c.L<^ — 6 

AiAaJI (j-o ^jA] .\>j^> 5 c2j2 ^a Jia 140 ^UjjVI j^L^jj LJL^j i jIa 60 Jl 40 

.^yL ^ 2)121 4 j]j 3 Jl Jj-aj ^ 21 ^ Nacelle 21 4 _jjL^JI cj 2^£2 (_|a^j2 IjjI^ ^lh-41 
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JI <joiAiA ; J J c_jU£]| 



4 aij 4 $ 1 \ 4 <u ^1 (ja jlp cj^> rt Jc. Induction Generator JaJ! JJI Jj»AMI ^ J 
4njJI J ^^isu H t (%0.5±) 4fljila 4jjui3 J jjjjA 50) CjjIj j 3 Uj^ 

27 >Hq) 4jajJI ^axu^aJ (. > t ol~4" 4-<u3 Jj ^jlijl 4 cjjuo (Jj^aJ 4 j| 2 u 1I Juu 

. s.Ij^£ 1I ^-Ijjj^ 4_njjj]| (JU^JjojV ^IJI *Jl ^jjj H-lau t ^AjL&^j 4 a 1 

t "Yawing ^IJI £>1 _^jI J 4njJI " 4A2S.J ^Uaj ^.ikjjuaJ t ^Jl 4sUa (j-o j2l3 ^x«a3b SjlijjoiYl (jLojJalj 

J 4il_^-Q (j-o ^jjjJI £_1 a} "Brakes" (JJI ^jli 4ijlj25 qc* ^IJI 4cjjoi cj*ijjl I3li 
."Nacelle" 4 jjHJI J SjjJl! cJ)J^I jj>J j JUJI ^-IJI 4 cjjuj 


^Vij.\\ b^\^.k\ 4Ji\A^\\ 4 a*.^ 6.6.4 

4_K £-A L-Ja L-LojIjjj ^JIj £ Jll 43 Hal I Jc. J£ ^-IJIj S-lJall filial! 4-i^ l_j23jJJ 

I^Jj £.1^11 43tjf£j 4ja^^o]l 4^. Low* 4iV*^ cH 13 4iltjll ^LHIxaII^ . Ajc>jjuoj £.1^11 

P = 0.5 x p x A x Cp V 3 

where: 

P = power in watts (746 watts = 1 hp) 
p = air density (about 1.225 kg/m 3 at sea level 
A = rotor area exposed to the wind (m 2 ) 

V = upstream wind speed in meters/sec 


Cp = 


+ 

1 < 

° 

- 1 

1 

f v °] 

1 - 

<N 

v; 


l V J 

- 1 


Vo (downstream wind velocity of the exit of the rotor blades) 


<uUaJI gUdl J} 6jd$XI J^I^baJI 6.7 

A 43 Hal I <._ u tillij ci n^k IJI 4 cjjulj JliHa Jb IJI CjLnjjjj ^bjj jjIjj l IJI 4cj joj — 1 

43 Hall jli ‘LnGj 5 ^Jl ^Cjjuo Ci3l£ 131 t JH1I (JHdl CJjjJaj 4ivl*JI fi3& ^jU2j t L- la^ft 

43 Hall (jli 4ijlj/ jIlq 6 Cia. n Jj 4 cjjoJI Cixfljjl )3li ( 43 Ha 52 l^.j 125 — HJj — Jlau 4 ^jU 1) 

1 jljlLoJ 4 cjjuj (j) c Qj^ Jajjoul) )3 a *^da 216 Jj 4 ^jU 1! 

Jj^su Cjllj j ) (j-a 4 Viull 43 Uall jjIjj Ljajl i 4aaldl 43 Hal I J ‘Sj^ S^Lj Jj (^^1 JI3 /jj-q 
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^ft.Y w" ^11 C_)Uaa^ (JjL^aall 

(jia*_2l l^jJaau CjLliJjjj]! ^Aojuj 4_^.Loia j ^>21 ^Iajj 3 tg-La (j£^J 

.^1^)11 <cjjuj (jji jjaiUxJ! jjWI (jl VI t "Wake Effect 


^jc> 4jjoili]| 4-2k,Laj>JI ^jc. ^Jajuj 4_^Ajoui :"Swept Area'' (j]jjA]| ^Jsuuj 4_^.Loia — 2 

^ic- l x, JaJ) ^LlaJj 4 (j]jjA]| (JfcfijuiA L-JjjJaJ (^,21 £.j^AI ^At2Ll 3 (J^AaJ -^A^JJ ^Alj^ 

.4-UJjjH ^laS ^Jajuj 4_^.Loia 

^jjuj" 4jojj^ 1I Ak 4cjjaJI ^jjj Ajjaull "Tip-Speed Ratio" A^y^ 4_i>aij — 3 

.80 — 60 (jaj Ia-^a^. a wTij c 4 _jojj^)]| (J^la 2) ajjj 6 "Tip Blade 

2j>2) Jl 4^pJI aAA Jaj ^jj J JjjjVI (_£^il Isuj RotOT _!! ^jAj 4_njj2l ^^Ac. L^ll c_i^j LaAkj 

( 3 jAL^a] (Ja 2 I AjjaAj 4 x*jjoAI jj)*n x>j 4 nA-i Al ^LcjjoAI ) 9 -^a ^ <cjjuj 3 j '^ Uir0 3 0^33^ A l^L ^ 3 Cf* 

I^jSj S^aaII ^3 4_iijjj Cjli j£a a ^jJajJ 24 — 6 (J^joAIj . aS j-all (Jj^aJ jjoj ^21 4x*jjoAI ^Akj (jjjj)j2l 

.4_ujjj 1I ^gic. c_i^j L^ll Isuj yujU A^^. jjjiTn ^ajAJ CjI^p-a LAojI 


Nacelle 


Hub < 



Main Bearing 


Disc Brake 


Figure 6-24 


6.7.1 

4_ujj 2! (jljj ^jAc- A jjjVI S^aII S^L)1 4_aI^JI CjIjjA j^all Aa.1 ^^A £’1^)11 c_i^j ^^21 ^JajaJ) 4 _^.Loia 

. CC J lAa. Aa$a 4j jjj ^^A 4_^3 a 1 ^1) ul^ <-41Al 


- 6 (J^joAI c CjI^aJAI ^Ac- ^ji^A ^)l_p (_^l IaA k L^jL ^—3jjlj 4_2k^aJI A-Jjjjj 

,4_2^pJ| 4 <Jj|3 25 
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CXc ritlcal 


bj .Sft\\ ^ ^ ^ * 6.7.2 


^joUjj AW ^ t <Cjjuo j 4_iijj2! (j>a 4_^Hi2l Sja 2I 4i£)t*Jl (26 — 6 (J^ 1 ) ^ W i21 Ia& 


^jJaijJ 


!!*... .**.11 k Ji . I *. I 




Rated 



Figure 6-26 cut-in and cut-off speed 

4i?)v21 &a& ^ ^ Out out Spood 21 ^ Out in Spood 21 <jjj 4_njj2l 2^*-^ 4j2aia (J^jL2I 2^x21 

2al&2l ^9 AC-Lujjj 2j* *~21 (j2il -^W lgjoj^ ^ l^JjAii l^j j£\ W 11 jJa 4j_uj2l 2^*-^ 


La) t Sj2 ^JaC-l 2j k 2 2^ ^aJJ 4.123 ^’Ij^I CjIc-jjuj 22aAjc> ^ 4_ijl2l ^ 1 4jUax2l ^3 

2jJaj ^jj 4_njj2l 1 ^2<~- 4^xAxxa2l 4 _lojujV 1 ^"U^l 4-Cj-^ 22 421c. CjIc-jx2I 22^ LqAjc. ^ 42121 4 fllVi2l ^3 

.42121 CjIx^jJI (jx ^jlc. JaUsJI J ^ lj^)]1 Jjjlj Jjlaj] (jiyil 
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^ft.Y w" ^11 4jjUall CjUa^a^ (JjL^aall 



! \.j^±y±£*j ^Vij.\\ 2Jk\So 


6.7.3 


jL-kali Ujjjb (jlfl JtjlLij i CjIjjLo j) Cjljlc. l^JC. V$ SJ^Vu 4 j'^x> 4iUa ^1^)11 AA Ua 

. (, o ^ 1 l\ l 1 

(Jxo (_£^J ^pa]jc-l ^9 l^J^Vnal (j^AJ ^Lj^)1] JjK< (j-a 95% 

. (Jjfl — ^ilallj S^ax x^a]l — CjIaajj^aII ^jJaj ^j^-ga Lo^ 6 ^9 

/jj*'l->l o\i ^il ^ i~Nf | 0Cj^j Jl 9 \ £ ^ ^ ^ x*all g.lxiajjJallj CjI_11Jjja]| (j]j3*^ (_£j k ^)JjIa]| 

^Jal_La]| ^jC. SJaxj (JjJal_L<a ^9 ^ s-Loijj CjIjjjIj]| 69A (Jjli?Mj c ^ (Jj^A^, 


. 4-lj^juall 

UU> ^aJJ j i Cj]jj3 C-IjjI 4_x^al_k 0 U2LXJ (Ja 9 ljl_l^.l 49 >Ia*JI CjUajjjaI) L-1Ax xiJJ 

CjIjajjja]| ^j| 4 ajAia]| ^Ljtll]! j ( ^'l^jl (j>I3M (jialjAjl cs - ^ 4 _uj|j9 

. jjAjJ! 11 a IgJ (jjjJ 




(JaIaaI (jhjll ^Lal^aA ^jAjuo^AJ ^ L-ilijll ^aJ J9j £.ljJajjJa]| 4 KiL LjUfl^A (J£Lul 4 ^Jj| O^-J 


. £,\a\ 4_x-al_k SJsLaJ £>UaJ cillj ^JLxjj (_)£Ia]|^ Ljajl (J£IAa]| £}*J 


^ViJ.\\ ^ ClAijLijiW L-AA.AJ.A 6.7.4 


fil^jlj c£l]jj 6 (5-9 D^ CjLhjjjll <. ajg>.o jIxjVI u' <■ t Al ^Ax-o 4 jojAIA ^Ic* cJj k 11 

cj|^ajuJ1j <j^IaJI Diameter jJoaI] j^jj D c_u^. t juIxaII al^jVLa (3—5 D^j s^LoJ) ^Lj^H 

•27 _ 6 
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oL^jVI ^ 3D 4iLoiA jg^ll (jjjj SjuLoJI L^ll cL^jI ^ 5D 4iLaui CjIIijjjH Li Ullcj 

(j-Q (JJC^ jAAJ 4_!LiJI 6 La ^ .(CjlilJJj]| Q±lj ^-1^)11 -LqLlaII 

Natural distribution ^*\\UW ^jj^\ -1 

: 28-6 ^ L£ L-JJJJjIL Ig CjlliJjIill ^aJJ 4_i3j 


IX 



o 


o 


o 


o 


0 


Figure 6-28 


CjLLjjlli ^jjjli! 


a^LlaJI cL^jL/L Cjllijjjli 4iLaixJ|3 4 5 D cL^jL Cjliijjjli ^_g(jjj 4iLmxJi ij (La ^ 

.5D^3D 4_njjli] *Loj>UI 4-^.Loui 4 3D 

£*jjjll (2 


:zy-o ^ 


Wind 



o 


o 


o 


o 


o 


Figure 6-29 

cjUjj jiii £jjjiii 














^ft.Y w" ^11 4jjlXall C_)UaaA^ 

^jjjJlZLQ Ailou^l (jj£j j i, 5D oLsolj CjLnjjlill l gjo.^i 4iLuuJ) <j^21 )iA 

iLnjjjJl (jjj 4iLuixJ) c_ic.Ljajj ^JLaJI a 1 a ^ .3D ^lj^U juI*Ha1I CjIiijjjI! 4iLaixJj^ i 10D 

.4-ojvUI 4 -^Laa (j aAL £■ Li^SI al^jlj 


J gU^JI <uL.Ja 6.8 

MalVu tilll J ( AjjIaS! ^ jIaaI 10 ) Jl (Jj^aJ <Cjjoi (Ja*_a J ljurti CjjIj £-Ljj JaLuUJ jjajj • 

. CjUjjJlSI (_3Jjo3 ^3 ^ 6 L^UjuJ ^ L_Jjlc« (JJjjj ^ 0-lL^. 

6 ^JaljAll t£lb ^^3 ^.llLuall ^^jui ^^3 I^Aa L-iu^al) ^^jai ^^3 CjIc^jjuo (j^£j 4 _aIc« 4jL^oJj • 

(JJA. ^ 6 JJA 25 lijjl (_5-^ JJA 9 Ij^l 4CjjaJ (_g^jjaj) JsuajJaI) (Jj^SJJ 

(JaAj Ak~ Caj^I Jja. 4jiialA ^3 4 aj1j/j1a 10-5 Jj l^j) 

Jj^3J <ja l£vL^Jjaj) ^}3jJ 4 4 J 433jiJlj julJj] £-1 jj CjLLl^a ^LaijJ ^aJ # 

CjIc.jjjaa CjL^L^ajal £* UjL^jI n L^La ^il^jA clA 3 ^ 125 

ASUall 

CjI^ L^Ja 200 4jilajA ^ ^'Lj^)]| 4iUa £-j^)jaiA (JasLaJ ^aJ 2014 • 


£A (jjlsullj ^jjjJjjaJI ^r jl'sl (30-6 ^ 4_1 a cs4iJ^aAj £-1 jj (Jj4Ja) j.l*Aa 2003 (JAjla ^3 • 

5jJ1a]| C lx\\ J3j .4 _ij^*JI jk/i^a 4-jjj)^^Lj (JjAlal 2006 6 

4^Ua ^IIa^Lj (3^11 ^3jjaII (j>l5 6 C_ljjL^_iA 500 2014 4 _j^)a]| 

.2020 f lc. sJ^aI! 4jj^! 43 UJI ^ %12 
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jill <joiAiA ; £j| c_jU£]| 



2400 


«i « ,i , (L .uv'.' : i? 



Figure 6-30 


ls* Cy* * 
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^iUa*^ll$ jl^JI J} gU^JI tiiUaAft 6.9 



Figure 6-31 off-shore wind station 


Igka (Jal ^Jajoj 4ijxuai <jV t 4 joiAJI ^L^}3) O* SjSj <CjjolJ ^Jull (Jj-qj 4j^pall ^L^>3) 

cJ^lj 4illa jlJjjj cjLiijjjU ^xujjj (jli JWLj (JSI cj^ja l^I^J .ik. 


^L^]( 4cjjal 4-laJjaL3 S^Lj (jli t £■ Ll^)SI 4CJjuJ C > \**\A L-LailjJJ (j-G 4-2kJ Vn4iiUa3) (jl IxUj 

£-3^-0 L^l 4_njjj JUJI (Jjjjuo ^Ic. 4 SJjkJ) 4iUa3) 4_la S^Lj (j) 

^Cjjoj jij-a 4_njjj (jjdAJ (j-o %50 l_j jj£I (4klli31j jHq 7) 4c.LoJ1j (Jj-g 16 4_a 3 £■ Li^JI <cjjuj 

(4kl2]L ^ 6) 4c.LaJLj JxJ4 4 js L^l 


: jaaJI ^Ujil CA1 jjjj 2^aj CjI^ 


( *k>*-* a Jc> (J^)Lk ^L^}3) CjliiJjJ j! Ajjaij (jjal&kj) — 1 

(j^aau t ^L^)3I 4 li'SxM 5 jjL^-a]I J^laLiA]! ^ (jj)*^tij (jji3l ^jjjUH (J^Loulj L_lJjau]| ^1 (_£^l 

Cjlkjjj ciUjJ 4 £• L^l 4_njjj Cj^fljji ijp. 0±^jJa31j jjta ^Jjaijj-d (jL (JjCjI^aSI 

jl (jLaljVl ^ic- p.jjjuj 4_l£juJ) fijlA Jjpb < gg^J (31-6 J^) 

. Sj^ l -v a\\ ^laLLall ^3 (jjiixj 
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jill <joiAiA ; £j| 

iu*n La Lllc. 4 _uojL 1I <jAaj) ^gic- ^L^ll CjIIijjj : S^l^xAl jjjiaH SL^ ^^Ac. AjA^j V — 2 

(j^aau aASluJt aAA (j! ^Ac. t a^jVjxAl *LiA]ajx-axi]l AjAslSI (Jala 

jjjA-Al S^A (3i>^ (_£-L' ^-JJ CaUa^i c-lAl! ^Aau I^jaUj ^\c. ^Ljll Al Ua ^\c. Axl*J ^^Al! (JjAII 

.cjlki^JI (j^a ^iLj Lo IjaL ^jjL\i ^ji cjj^ a ^Aa jl^JI ^ ^L^l! CjLnjjj j <. 



jjJj V ( _ 5 -$-S 6 (j^Li) (jc- BJuaj jjJajj lgj| C_n^ (_£)j^aj ^jjjL ^-L^l! CjLajjal V — 3 

. p UI jtiJI ^ 


Ajjj j! ^j^axAI (j^i clu^ c aAilall jA a_uajLl! ^^Ac. Cjtjajjjl] a_ijaulL jL_JI ^ ^-L^ll CjIIijjj] SAa^]l a_nL2l 
4 jI ^Ac. (jSLIj a_uajLll ^Ac. Sa^IjIxAI llL ^jc. ^5^ 3.5 ^A) 2.5) CjLajjj sAa ^jc. SaIj-<AI alUa]| alii 

<jli 1 a\c- i L>1^^ (j>ifl^Tn>i a_ALAI aaKMl &Aa^ ^)jj)AvAl AjS a.c.1 n«^ £-Lj1! CjIIijjj clJljLi (Jl^. 

^jAjolj a_jL.lx.nVI t. ^ AL"" jL_JI ^ CjIIijjj a_jLx-aj a ^ ,^>\1 J^A) L_9j^)Ja <. > a_ALAI alHall 

cLixi ^ 1 ^ " 5 /^ a_x-all. 
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^adpaAl AiUoll 



Free energy generator jti\j c±*j±ti\ s^ja^Jt cAjA^aK j^AL J^' 'A* 
tjlf ^j (Jj cjULq ^gAc. (jif^ V L& l^j£] 4 j^I*A! cjWjaSI Ia£ Rotor + Stator <ja 

Ji ^Ac- cjUaaVi (j-o 4 _x^jja 4 ja^ dn^j Permanent magnet ^iSI ^ja ^jhijAiLsa cjUaal ^gAc- 
J^b Rotor and stator J! a^A^aSI L_>lLaVi Usb uj%j Stator J! ^ Rotor 

^jlj &Aa (Jj-o 4 k^o\l IAijj 4 4_^A^j ^gALxujo ^gAlxuii^ 4 _^_jLolLq Air gap -A1 

^gA jajjuij >1x9 fi-lzdj AilAail ^gj^jbi. jdi^aA ^L 4\n»jj <j jAj dSjjj 4 V 5 I LjJu jAjaII IAa j!ju 

. ^(—jUaS^M (JJJ ^sLlAI 

AA^joiaSI (jli L-jUaSVi ^'S'V l t Un\ ^jt>s-xsT\ (JjAaJ ^glAI l^*v^ (jc. ^}AaAI ^j>i3M 4j£^aAI AiiUaSI aA& (j! 

C_ul^ LA ^jfAj 6 >La ^jl x^i^v 50 4 _jA*j 4_^>aAI AiiUaSI &A& ^ja 4flj* x>> l^jl I^jS 4jjojLujV1 

aA& (J>Lk (. Ljjudj AAj jAa S-ixA ^gjIAll (Jjulj ^aLaj q\ ^j^aj l^jli 4 A^dklluixAi L-iUasVl 

^jl^joj j\ CljjjjVl (^ c ' S^^jaSI CjIajjJjASI ^g.3 L£ S^JaSI CjLaISI ^uaxJ ^gjJaA 4_j3l^ AiiUa dA jj SAaSI 

IASJ C 5jj» x^-Al JIa^VI 4jd*j ^gj CjIc-LuA ^JAJjuJJ (j! (j^AJ V 9 >La^ (_£A*J (jl (j^AJ V (jSAj 6 >>S~i 

. ^jISj V £>Aa 







(Ailjjll CliljAL-ajal) JjVl AjLlI (j^L 


Appendix A 



4^' 


4^' 


Sajac. CjUja UIjUj aJLLaII J j^qW ^^ia c a3 jAll CjLLl^a ^jc. ^.w Jjaj ^^3/31 Iaa 

jLlLkl (Jj^aJftl) l**hnj\ IaA^j CjUifll) (jU ^^JaaII (j£l 4 A oh-v 31 AjI jjll CjUa^J 

SAjAc. ^ 4^1 (Jjj jlilkVI ^ (Jj^aJflll AiljAll CjUo^a CjliAL^aja! Cl jIS Lq j j 9 ( IAs-IAA! A^j ^^All 4 )n ^31 

. CjUo^Xill ^JA 

^Ic. 5pJ aII (JaI^aII ^jjoA ( ^jjJa jaII ^Akj ^All 4j^U^ajaVl Cjl^lLaj^a^ill \ (JjlULaj J^JaII lAA ^Aj 

4iUal! Sjjjj Adic-I Lai UiL CjLLl^aII jIxjujI (jii AAjLlaj f^i3 ‘ AilJill CjUa^A CjUaL^jaI 

.2013 4-Loj jlAx^a! ^ 


Cjlj lj^ 11 (j) C_i±u3j^ 4 (J^JL-ailll (JA &J1C^ (J^3 a1I IAA ^ 4j53jaI CjUjI x^'vV £2kjl L5^ L^,)^!^ Ja^.>Lija3 

^jc. ^1 CjIL^aI! ^jlstjojl (JjjUI) ^jc. a^j >la c Ua^. 4 jaLLoill Iaja ^aLj <a 1 Ua 

sa^jaII 4_ialijjill ^-9jA-il ^jjlijll aA^J g_^2^)ll [_£)Ia11 ^j^ajj . ^3! c ^ t SaajaI! CjI^jjoJ! 

!!!.A^a 1 ! aAA 


clA\^k\ ClAlAjualM ^ bj3^k\ ^a\^a\\ 

1 a^ . AJa^xill ^jx> x s-C\ ^ jjJp ^1 AjAL^aAaVjj AjjflJI ClI^Lac-Vl (Ja AiAxll (AIUa (jli i All jA 4 _la^A p-Uj Aic. 

: I^Lqj t IjAL-^ajal 5pJ aII CjIjIiAc. VI jA Ua La^j 

(^i»V (^jl^A (JA t oh-vj ^>*- JUj ) 4 -Io^aII ^a^A — 4 

4ji1£j ^Ljoc-VI A^tLuo VI 3 t 4_1 o^a 1I (jl^o (JA LAjilU c j<LaA 4J1 aC> A^.|jj — 5 
. (AaAaIaII A>La 1 ^ (^) (JIaxII 4joiIc.| 

^JAj^ajljj ^.LuijVi 4 a1£j — 6 

4_j\jj^al|j (JjjljAuII (_Ajj 1 ks-iA — 7 

aJo^aII ^ja kWh 31 4 a1£j — 8 

c3 jA 3I (jA SLoAa CajI^ IaI (^ua^ll^ ^jjAII 4aA^ 4a1£j — 9 


: ^jjc.jj ^Jl CjIL^aII ^ Cjla jja^aII > ^s" 1 (j^AJ 1 ajac^ 

















.iilI jjII ["'I .. CjLjL^ajil ; JijVl jLiI' 

a! j^I \ £ L '^JO \ (jxaljljj i £.LaljV I .^1^3 J S-LaljV 1 4 a1£a (JjUoJ I 4_ljlj Ljlfl $ jtSlA ~ \ 

l ^ nijL>>\' jli 4_Ij.ll] l£l a A Ai^xall £u\Z IAI ^ U-aLk lc«Ua3 C±jl^ 111 a L>^ ^\l ^ljj| £jj Calljlc. ^ic- 
(cialjjJalJ (_£p.l 4jjaij 4 jL^* 1 Jl L_9ljJaJ £)| t £.ll^£]l 1^*3 1 j 

t Call*_xi]| l_ja£ja ujajL-axij c Calla-all ^aIaaIIj (_>^jVI (j-oa lU-^ s-LaiVI 4 a]£a (jla Laic. 

. £cJI L>jb.4“\'j ^J-aj^aa]| UiAjl »> sia Ij 

^a^jauil Cj jjjg IjijjJI (jjjpai 4^a^jJa (jjL^ol Ij^j 4_la^»xJli ( 4_tj|^JIj t doK~ Ljoal l at ■. >> j 

,4lxi i^a 4_i^vlc. 4itij^a t n n"v" Lajll S^jJal^. (jj£a <j| C_ ^LLuLM 64A <jV ^cJI jla*JI £_La3j 


4_j\jj^ail 4 a1£jj 1j3jll 4 a1£a JxiJjj i ^lajVI *v i t Uti\ SjjJHa ^^Aj ) 4 j jla» Cali 9 >ufl.a — 2 

. ^lajV! CaLajhttixaj 

(JaVi ^^A ^^jIIj 4aaLoJI CjU nroll ^Ljjjojljj c-la^^JI CaUa^a ]jjj\j ja£VI ^^A 4j3jll 4 ji1£a jjjajj 
4ijLLa 4 aaLo1I CjU ncoil ^3 (JliVI Ljaal ^^A jml 4_SLa*JI uajjt .^Jaj 4 (Ji*_tlall USAjL^a-a ^3 
jJUujj ^IjjVI 4aj^ ^Ac. 4j3j]I 4^i£j L-flajjjj . (jaai ja£I AiUc ^^jII vLLq 4ajLkaJI CaUaa^xJla 
.aL>^ j*W\ ij<jj]| cilyl^util JjWi (_3>b (JjJasI ^jc. Ca^J! l_l^j LojI^j .aL>^^\1 


laJbil c_jjoul! 4 ajLjJI jj^aU*J! (jaj 4^i£ai! L-Ludj ^jjjj (jLLL q 4_jjlkal! CjU ncoil 


Fuel cost = 30 to 40% 

Fixed charges for the plant = 50 to 60% 

Operation and maintenance cost = 5 to 10% 


Rate of Interest b^iViA\ 


(J^ ^ <> A^jj^y a CjI^jjoj (jxi CjIjUjIoi! 4 La x ni^J c^lij ^j-q 4 La x ni^J 4-la^ail ^Uj >43 


^jaj (3^^ (^Lujj ^ail^ c S^jliil 4j.xix.tij La 3 A 3 6 ^ n» xi Ut^xi 4 j]| liLjaxi ; 4JLa Ajjj (JLoll ^1 t^i^ 

4jjIj 4jjaj l^jl ‘ AJajjaj s^jli l^j) ^gic. 4 j jjoj^-xi 6 ^A *^J 6 >jja-t.tixiil jJLxJ)^ ^L^LM jJLxJ) 

. SJLall jjia ^_xi l^ixij^ jj*jj 4 j^xi SJuli (jj^a a3j . L^jjai 
t^lj) ^a*j Cji^jjuo 5 BJlo] %3 1aj 43 4_Ljjaj S^jIaj tiliJlj 1000 Cac.Jj) Iil Cajli (JbxJI (Jjjjuj i _ s -ic' 


L-jl tti^v ^3 Lj) Ujj S^jIaII ( xAjxi^ Cjl^jjai ^joixi^Jj 4 j 1^4 ^3 150 ^ ^ (Jj^a^Htj 

jJLxJ) (_it-al J! j_aLjaj ^s^jIa!^ ^jI*JI jla a_^xi s^jli c_ul$ !i! Lai . 1000 -iac. 4jjIj I 4juj^]| 

.Ij^Aj 4jjbll 4_LaJI 4 j1^j ^3 ^al*JI (j-a c-l vb-a 4 jJ!jJI 4_LaJI 4 j1^j ^3 ^^aLdlj S^jIaII (jj^a JblLaj 


Depreciation ai^JaS\ 

^SJj-all ^la^£ll ^aj ^jc. L^jLj L^jj ^jQ^j ^jl JaA3 jijaa V t^Lli (>b-a Jul jj a U-v ^ Ic-jjjJixi e-Laijl Ajjj fiK |i| 
^jjjaiail ILa Cal^a ^jl jlaac-VI ^3 4^.la ^jl t- _ ^j (, JaASl ^■LjjVI (ja*-xi (Jasuaull c_AjjL^a-a ^ L>4 j 

(Ja*_-ai a \\* * 4jjaj ^jj^Aj AjV ^a (j-a^ t ^alAiil J^^-a ^j^. ^1 4 j_^JI (J-al^JI ^1 (Jj» tTill (_)xAa Ljjjuo (_)^laa 
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£Ji jIaII aAjlc. ^ Ia|j i ^gjjuu^l CjIJjla AjA^J ^3 L_Sjj^aJj £ 3 jIaII AjI*JI ^1 C-JjLjaJ tilvlAVI 

. AjIa*_a ^aUslj c > n^n lijiui ^LjVi (JjoAJ (jl ^.ilaJjujj <^>^aV1 (JAjl* A_a]| liLja-Qj 

Lo^ac^j (. ^ li'v jit* Ijl-i'v AjIjj]| A 3 j c ^aIaj (_)j tjjtj V Ullc- <^I>IaV 1 j 

. lAj aIx«a 4 ^3 l^_i]| ^^ 2 ^) 1 ! T^xlJ IaA L-jLol^J i3j^ SAC. t^lliA 



Tariff i^\A\ <Aj>^\\ 

^ L3J 1 ^) ^xjuoSI Ia^ 9 4 kWH _JI £_aj ^xjuj AjLjjjlj AjA^j (jVi (J^aj AjjjLoill Aa1£j]| ^jj^aUc. ^jx>~v A-ujIjA ^ic. s-Uj 
(JjaSI A-oA^. A jU»"j t ^jx>-y A-iLaJu J^o^j (j) l_l^j jui jaui ( e tu7i ^ ^ 

^ UjXxi AiLjaVlj 6 Ai>L^j L_u]jjJa]| A_iia*Jj tiivlAVl CjVa*_a A_ilajuj \jJaj3 IaI^ 


£_iJ! AjJjjju AjA^j Ajc. jUjc-VI ^ AikJj £)l l_l^j <_£pJ jj^Uc. cilliA t AJLiLuJ! jj^atiai] AiLAaVLi (jSLlj 

* l^_La c^\\^**nti<o\l 


&)l£jM\ k±A$ -1 

£>Ia*JI j)Ij^ C > cilyl g*H)J (jl^ 1 ^ lA^JA £_iJI _J*JOl L)j-^ (j^ V^-* (J jJ ^ 

IaIj .(aJU* 1) JjuAiJj c_ijj£JI ^taVLi jSiSI aU^sjBvU jj£I A_aA^. JjULaII ^Aaj AjV IaAj^ JUl jxjoj ^jAaIj 

.!a^ t 0J & X\1 A_iC.|^J A_2kjAlLQ S^IXjuJjH (jj£j (j) l-ia>J 


S)AftJl J-aU-a —2 

. 1 — A J£aJ! c^U^jjoia]1j SjA^l! (j^ La^i I wj^ L-jLai^JI V) <*- 
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Ailj2l CaUaa^ CalaA2aaal ; JijVl <-22! j^U 



j-a C > ^ttij j! JI2Lj Calj I'sjxi 1 A£A^Jjui2I SjAaIIj 1 (^Lujj SjAa (Jla-a A! (JjVi £-ix-a2la 

SjJl3 i* vn> tn k a 4a£]j c AJIxaII ijAAll (JjoAj 0.5 5j-^ (J^lsLxi 4J jlall £_ix-a2! LCaj 6 1MVA 4 £±jJI 

Jaia KWH Jl ^Jc. jj* *u«o2l 4 _iuj1_^q c_lqj Ja . 2MVA a^jcAI j-a Apparent Pow6r s^Ua 

(J!Lq Cll^jjJ C11 a ^_>qj ijAa jlAll Cja^. 1^22 t a-vT^\l 4^)22 (JaIc. jac- Iaa jj^j k ^ S^axjoull (jjoAiij 

S^Aa (J-alx-a ^_j 2 ja2! jl l ^21 c_alJ^2 S^AaI! (J^alxaa jlxaa I Aaa jjaxjo2! ~ >■ j! <- > !2j 6 (JjV! 

4_aj\l->21 4 ^ua 1! jc. SjAaI! (J-gIxg Axa L_La}laaa <k^\j£* 2la& jJajaj VI 3 ^£j2 S^AaII (J-alxa jj ( Jc. ^jAaA^Lo 

.a_ixjoli Sjj pUll 2*Lui ^ 0-9 121c. J 


<^aSfal Ja^I “3 

sa2! c13a£j c i2l^*nn2l 421 (Jj^aa Max Demand (Ja. ^^^al ^)laac.V! <^a ijaxidl ckla jl \ x>>jl ^2! Cyt 3 
c i \\g*unj LoA> 1^ t 2-A (J^joAI ^a L<^ jj* us-ia laa2 jl^ IaJ . ^ x^aVI !a& Jc. l^aa (JiaJ ^2! 
(Jj^aa ^^12! Lcaj lOOOkW (_^Loij Max Demand 4 J cJ^Vl jla (J^cA! ^_ca!^ j£J V20MWH 

.4alxCa! 4a>la Jl 


i 


Inna 


tL 


factory A 




t b 

AAAAAA 


2 



□ 


factory B 



Figure AO -2 <^-aaVl 2*2' 


?jLjl^a J^a 

^jl2! (jl UuuiV 4ij2! L_aa-j ^jAllaj c (JjVla lajlLo Ia^ ^joj (> _ 5 alal] Load Factor 21 (J-olaLa jjl ^ 
4ajAaw Caaj ^ x^aVI Ja^JI ja3jaj l^A^jtaj A^)jjJI ^ja jl j^oa L5 a^ (JjVI j-a ^>a£l 4J AaAalsu SjAa ^aajuj 

J\z. ( Ixala LS ^\) (j-alA, ^)xjuoa L_bujl^j I Ala 5j j al2l j^uAaaa jl c _ I2j . CajA^AI SAa jc. ^AaiSI (jAaxa 6 

^ Max Demand 21 ^jjjLia] ^jL^a^AU a ,^>1 ^ calAAc. L^Aja^. sa^j ^^_aAI (J>L^. 1^21 (Jj^aj A_^ua ^j^aal 
jc- Ija^aa jl Sjj^j Sa 2 (JL^VI j>» A2l*A! 4 _xu2I cAA Jl jja2l ^_jL^a2l cjL^j^al 2* >„ Uti Iaa^ c 
^ajja jajia jc- ^1 c >\a>i ^a 4_j^al_^, Cal2^lAaJLujI jajAa jc- c S^jar x^ill AA2I fiAA j^la2 (_£^kl l_j2LujI 














































Demand j _SL 4 i jjjlxAI lajILuA ^IaVumIj ^^aaVi spa laI^jj 4 (Jjjaal s^*^ aa ^^Ac. (JL^Vl 

.( Management 



AjA^UaI) S)i£1) — 4 

Ia^ Aplc. SjAa ^jAc. Aa 1 *jj Aa 4 (Jp-Aul! Aabull jlpc-VI ^ a^VI a_l^a 

4j 4j^al_A CjUAx^q ^ ^aJJj SjAaII OAA a! CJ)!j)^a\\j Cj>LjI£ 1I (Jjj-ajj ^aJJj 4 ^A j\pu nzv CjIxjuo p 

. 4 iapA «^*A (jj£j Lq J J 9 4 Aju\ ls-XA (JpUuA pjuA (jja VJ IpA (JaJjuoJ V |SJ 4 4 jjuAJpl CjV^^aI) 4 A-l-S ^ 

p2l £.L^£JI 4 ^)joi] lijis ta oj<^*■ ^ aOlp vA a^^_>q ^Ac. AnAa «p^»z\\l a nnl^ ^ c_ua pa 

A U n *> A W i A -*\. /\ (_^AjalJ (j| <■ ^ 4 1 * ^ 1 ^ ^ f-^\\^**< . !\ ^ d ^J Afixlj * < t n-*V l^JJ^a 4AjuA 4A 1 ** tj-N ■% 

. IA^qAAjjojJ p ^1 SjAaII fiAA ^AAAjujI £.poi l^j'c. Aal*H<AI S)A«1! ^^Ac. 


: Ip* Tariff _U <Lcpo* laJLa! cj!ppc.Vl saa 

(1) Flat demand rate 

(2) Straight line meter rate 

(3) Step meter rate 

(4) Block rate tariff 

(5) Two-part tariff 

(6) Three-part tariff. 


p*l (Jal IjIajuA >t!i* ^»aaj ^aII 1 ,i*a]| (JA* 4 <^11 a a*j jlpc-Vl (_£pJ ^-aUc> <. anAaj Aa 4 JjA 

. (A^&J 4 4_^AJjoAI AjjpJ p 4 4 rn * 4 AjuA (jC- ^£vL^Jjoj) (Jaj 


:( 2016 4aj$j) y^LA Lt ± S;alua ^Ajaj 1~A 


Table 0-1 ^ jUjuj! 


^aJ>4aJI Olol i>* m»MI -4 

(yj**'9- A/u*<>5) >s-mjJI 

( j4mJ lkS*J-3- A)^ul>JUJ 


7.5 


50-0 oj» ► 

14.5 


100-51 ^ ► 

16.0 


200-0 ^0 > 

30.5 


350-201 ^ ► 

40.5 


650-351 ^ ► 

71.0 


1000-651 ^ ► 

84.0 


1000 ^ & 1 ► 


450kWH 1 (jk&* II (JjjaIj 4 (JaVl ^ Aj^aa 4_^ajjoi >L<a Iajj laLoi^JI (jl Jsl^V 

LaLo^JI (JjfL IaA ^gAcj 4 351 A Iajj ^pill 4_^AJjjj ^jAc-I (j! (A^a 4 >Ija 


4 a^ 34 = 100x0.34 = 650-351 c> J lOOkWH 
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.iil jj]I [-'I.. CjLjL^ajsl ; JjVI 4 jU1I 



4^ 36 = 150x0.24 = 350-201 ,> 4^1 j 150kWH 
4^ 32 = 200x0.16 = 200-0 t> 4^i]l ^ 200kWH 


t 0 ijl . ^i ajj 4 1 ' .jj ^ ^jj j a Aj j gall ^ajgJ j 9 AAJ^JjJall^ A llU-oJ) 4iLjaJ (Jj3 )3Aj t 4_ii^ 102 ^JLa^VI 

J-^Aj >Laj L-lLoi^J) Ijljj (j! \ qa 4 j) Ja^V 


l&ila S^joiLia l 2 — A (J 


Table A-0-2 JU1! ^ *bj*£ll >J 


(«j.U 132-220X>*UJI ijTtil i*l£ <SUoJI uloutuil-l 

O^JlII J>li O^jJJI £>L> 

(u^.J / u * jj 3 ) 

^n »») ^Lu/^juO 

OjJjUI JjUui 

Cx^wj-S-« j/4**>) 




4.7 




Lo^S ► 


18.0 




v91aAM 9>uo > 

54.8 

36.6 

39.6 

15.0 


4aJ^IoI£U^JI ► 

37.2 

24.8 

26.9 

15.0 


»;<f)JI ► 


£jJaj L& 4 I (j^ 2 i]| JaAS IaA jjl* Liajl^ ^n ^jaLC jlc-lix^al Lcu^ 4»^jj2j ^j| Ja^V 

.4_SLaC. ^U^aJSVi l^jV (Jal ^jl ^jl L<^ c S^JXjouII 

I 3“A UnVl°l Td>*ij1a]| ,‘^'sll Lol 


Table 0-3 jUjuJ 



kWH tilvL^jjaiVi L . u ^^j i kW s^iaII ^^Ic- c . u ^^j (jl 34 ^ Ja^»V 

. Sc)jiH Ci3 J 3y\ g*1 > tlV jj Sc)j3H Ci3 J (J44 tilvL^JjaiVl 


CjLV^I <j^aau cs^ S^jouI 4_1!LqI Uuaj 


Minimum monthly charge: $5.00 plus 
first 100 kW h per month at 5 cents/kW h 
next 200 kWh per month at 3 eenis/kW h 
excess over 200 kW h per month at 2 cents/kW h 


170 
















jill <joiAiA ; £j| c_jU£]| 


iJajujjld >^y\ c5^*j CjUIaaII UIj 

Demand charge: $3,00 per month |xt k W of hilling demand 
Energy charge: 4 cents/kW-h far the first 100 hours of billing demand 
2 ccnfo/k W h for the next 50 000 kW h per month 
1.2 cents/kW'h for Ihe remaining energy 



:Spii3l 4JU CjL ilian lidtj 

Demand charge: Fu st 75 000 kW ot demand per mouth at $2,50 per kW 

Excess over 75 000 kW of demand per month at $2.00 per kW 

Extra charge for any demand in excess of customer's contract demand at $2.20 per month per kW 
Energy charge: First 20 million kW h per month at 0 .1 mills per kW h ' 

Next 30 million kW h per month at 6.0 mills per kW-h 
Additional energy at 5.9 mills per kW-h 




^ n (jl (JU»a]| IU ^ 


^)Al 


^ jVx.iijai^\ 

<dl ^Jjl 3 Ijllj c 4iU ^ja 1 ^ i >> l^^Cj^jJdA £,Ljjj| 

: 6.1 a (J-qjojj j (. ^jjjuudl 11 a ^ja ajUil (jjyla 


^j^aj C_lUa^»A ^ja L-Lodl ^A U V 9 I <.—9jju (jl 4 _iLl 3 c 4 _Uja ^^3 jjaiV) — 1 

CjUo^A ^JA 4fl\** l l'S,c21 P-Ludjl ^)Ujoj) (JJJ 4jjUU a y^ jjai ^JaiLdl 4 $3-1^11 6.1A 4_U1J (jl 

U^3 4 L_LuajV) 2 L-v ^\1 4jJajU»iA ^LadVi 4 a1£j (jAils ^ulalljj . ^ Alljlll 

t-^U.SC ^iau V 4-dUII 4 jj11]| 4a1£j]| (jl U^ 6 4 jjU 2I ^ oK"\l A oK"\l cilljA b^l 


.AjjuiajuoII IjvUJI AJU US 4-ajJl*_a Ajjoj (Jjxjaall C—flJjU^aA Uj^)3 jUikVl Ua 

.6 £.12^ lAvlcdj IjaC> (JjJaSl — 2 

,h1 V ^2 CjjjULdl &1 a f^j\ >13 6 4j^aa Sp3 (Jjial (Jaju 2 li"v z\\l (_)*_^. (_3jU]l 6.AA (Jajo2 U£ — 3 

11a ^-Iojuja 4jjjj Load Curve 4 a \\ (Ja*j <jl UjL 4 4-c.l >>i dl 6.i^i LjjUaa 

^>j£I ^Cn\ gjjILuj 42 jU1 4a1£j 1I ^jl 4 jjjoj (JjxjouI! ^Ujjl 5^U£1I ^lijjjj • 4 jU3ja S^U£ 

Overall Efficiency s^U£il ^ ^HaI! kWH Jl ^>*^03 ^3 42jlid! 4 a 1 £j]| 4 jjo 2 (jj£ 2 s 


. ^aII SaU)l 4 jjUo^, (JjUia (_£-U CjU^UaI) &U nLM c_j\j£J) ^3 5^1^11 2 ^j^ajj 
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Ailjlill djLpLuojfll ; JijVl 


.-A Ak\w\ft\ ^l\^.l\\ l* AU\a p\.jUii\ ^J-LA AAjVjL* 

SA^AaII CjLV^I ^3 ^ oh-V z\\i AllJj]| Cjl I'VS A S-Luajl ^)1 *_jujI ^Ac- ^Jaxj 4-lltlSI (Jl^jalV) 

(j-Q A}j-a] (JfljaJl V ^ a\\ ^j^AJJ . ^4_iAJUdJ 

All4_1 o^a > ^ ^ $/kW Jl> ^(JaxAuII (jjJ ^.LaijVl 4 a15j^ A o\<~\ 1 ^Ja*J 3-A 


Average construction cost 


$/kilowatt 

4,000 

3,000 

2,000 

965 

1,000 - ^~ 


. 3,495 


3,705 


2,851 


2,294 


1,895 


785- 

♦ 


- 1 - 1 - 1 - 1 - 1 - 1 - 

natural solar wind biomass hydro geothermal petroleum 

gas PV liquids 

^ capacity-weighted average cost ($/kW) 



Source: U.S. Energy Information Administration 


Figure A-0-3 


^ 4 Q\*'x ^ L* \\ l-»-v -fl ^LAj) 4 oK-, 


i ^(Jj*-^.L aijVl 4 _LqLoi^ aj cjUo^xAI kWH Jl a oK" ^ic, ^ 4-A (JjA^Jj^ 











jail 
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Table A 0-4 

2015 Cost Summary ($/MWh) 


Category 

Number of 
Plants /Sites 

Fuel 

Capital 

Operating 

Total 

Operating 
(Fuel + 
Operating) 

Total Generating 
[Fuel + Capital + 
Operating) 

All U.S. 

58* 

6,91 

131 

20,62 

27.53 

35,50 

Plant Size 

Single-Unit 

23 

7.10 

10.26 

27.15 

34.25 

44.52 

Multi-Unit 

35 

6.85 

7.31 

18.74 

25.60 

32.90 

Operator 

Single 

12 

7.49 

9.30 

22.05 

29.54 

38.84 

Fleet 

46 

6.74 

7.58 

20.21 

26.95 

34,53 


* Costs exclude shutdown plants . Also excludes Fort Calhoun, Fitzpatrick, and Pilgrim because no data 
was provided for 2015. 

Source: Electric Utility Cost Group (EUCG) 


t 2015 CjI a\\ 4)\ns-isT i ^Jaau 5 — A 


Table 0-5 


U.S. Nuclear Plant Costs (2015 $): 


Year 

Fuel 

Capital 

Operating 

Total 

2002 

5.73 

3.92 

18,61 

28.27 

2003 

5.60 

4.94 

18,87 

29.40 

2004 

5.29 

5.66 

18,56 

29.50 

2005 

5.02 

5.81 

18,97 

29.80 

2006 

5.05 

5.56 

19.23 

29.85 

2007 

5.13 

6.12 

19.09 

30.35 

2008 

5.36 

6.77 

19.53 

31.66 

2009 

5.94 

8.92 

20.52 

35.38 

2010 

6.77 

9.17 

20.66 

36.59 

2011 

7.10 

10.07 

21.91 

39.08 

2012 

7.47 

10.77 

21.50 

39.75 

2013 

7.74 

8.21 

20.95 

36,91 

2014 

7.22 

8.19 

20.95 

36.35 

2015 

6.91 

7.97 

20.62 

35.50 

2002-2015 Increase 

21% 

103% 

11% 

26% 

2010-2015 Increase 

2% 

-13% 

0% 

-3% 
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.iilIjjll ["'I .. cAjjL^ajal ; <JijVl jLiI' 

5500 (JJJ ^ ^^3 i ^)JJ^ L-JAjJlIa 4_14 p.Ludj| (jl Ja^V 

s-Uc-l 4_LdLuij 9-6 CjI^L^j-o ^ ‘ 8000$/kW J! $/kW 

1200-1500 $/kW ,jjj £j\ju 

.2008 4_Luj ftKull CjUV^II ^3 4_3j^i]j CjUn^o!! (^yaxJ ^)1*jujI ^^JaaiJ 6 _ A . 


Table 0-6 4_jfL^al jjj CjI ^>^x> ^.Laijj 


Forecast 

Overnight 

Cost 

Total Plant 
Cost 

Total Plant 
Cost - 2 
Units 


($/kW) 

($/kW) 

(billions$) 

DOE (2002) 

$1,200 




$1,500 



MIT (2003) 

$2,000 



Keystone Center (2007) 

$2,950 

$3,600 



$2,950 

$4,000 


Moody's Investor Services 




(2007) 


$4,000 




$6,000 


Florida Power & Light (2007) 

$3,108 

$5,492 

$12.1 


S4,540 

$8,081 

$17.8 

Progress Energy (2003) 



$14.0 




$6.4 for 




45% of 2 

Georgia Power (2008) 



plants 
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(.lil jlll CllUa^o (J jVl c— lUll (j^U 



AiUall (Jaj ; ^IjII t-lUll 


□ 

□ 


J*> 
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O <p 


(JjCjUo^q Jl .111 jj]| 4 x\ I^jaIj 4_iJ^£j| 4iUa]| (Jaj 4j\x>c. (JaIj Bjx.roflx41 

. l_jU 1! ^gi £jj_pH 4 ^jjoi .lau 6 ciillul! l_jUH ^ 


! |jljJl2kJj 6 A^Uall aBA (_]aj l_u]LujI J4^i ^j_ij AjjlLo ^SsiLui (J ^ -^>o\l |jA ^9 j 

AC ABjjuJ) jUjljj i DC j^Ujou^S) jLnll J.^VwnK (JaIS) ^^Uaj ^jjj 4ijULa • 

4jjJajV|_5 JajiaaJI aIa^JjujI 4_jjliL<a • 

. lAjliiaJ 4-jij^j (JaJI CjKum ^ -sll (jc- 5 jj* x^> 4 _aJ1Aaj IaaIuj 1_u£1 


Ji-JI 


I 7.1 


\ \ n J) ^ Lille. C)J^J (jAil) Jajiaa, ^ ^ (jl 4^1x11 4 _ajoi]I 6 (Ja^II CjI^Jjui ^gB 4 A^Vni^Il ~N ^J3 ^JJJJ 

Jlxll CjI^Jjoi ^g-xii u j aBAj 6 vIj-g (jBjVjj 4 jBj }* - uJ ) ^ Lo£ 400 kV JJ B>LJI (jiaau ^ (Jj^aJj 66 kV 

iBjuB J^jIaII -s'l CjI^JjoJ Lai 6 

Table 7-1 <J^ i-<k n* ^ 

(. Jj^axi ^ 500 kV 

^ 1^750 kV j± 

(—Qj n«o*i Jaau 1 — 7 (JjBaJjj 

l t Un\ A^aJI 4 _xlia] l&ila Ja^JaaJl 

. ANSI Code Jt 

IjlJJ (Ja^II CjI^_UjO ~vj 

6 66 kV Jl ^4^ (j-a 

s^IaII ^lalixi 1 ^aI->LLq 


Name or Category 

Nominal Voltage (kV) 

Subtrans mission 

34.5 


46 


69 

High voltage 

115 


138 


161 


330 

EHV 

345 

400 (Europe) 

500 

765 

Ultra-high voltage 

1000 (China) 
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(2Ljj| J^\ g\ jjVI) ci-aiil - ^ lJJI 

bl Aj c_a <2 2^0 21 Ag.>. 4 ^Jjoi <2LAj 4 Ajjlj^3I 4jlL_u> ^Jastjj c_9 <2 132 Ag'V 4 ^Jjoi 21a Ajlj 2LAj 6 

21aAj 4 a2j 2I CjUa^a ^2 j l^J Iojjjjj 4 SL2I (jA-a j 4_jjA^jujVI 3 1221 LgJjojV 4-jjj)^xt'sll JLuA ^^Jaau 

^Ja* a IgJ JaijjJj 4 3-jj,V^LVlj (_£AJjuj ^2 950 (J>W ^LJI Aj2I IAjj aAAj 4 L_9 2 500 31 A^lil 

Iaa (JjVI l_j12I 4jIaj ^3 3^121 a2jjo3 . S^a12I 3jjA-<i 4_al^lalj 5A^2k^3) aJj2I CjI a 

. Ajj2J 


: ^a 331c. ^3 JJ (Ja 3) A^a> jij l_ 9A^J) ^jli £_33 Lj 
5A^2^3I CjUo^-g A^_aJI 3 ^oj3 ^0 IjAjJa CJjojIjjj ^3!j CjUaa2l <jjj 3Jj3i2l SjAaII SaLj ~ 1 

•3a2! 4 j l$jj 3 j!Aj ^ 

L_JjjJa (Jj^aLa. ^A 3JjAi3l SjA 2I (j! ^1*_2I 4j| l~U*v 4 3ajjli'sll ^3 jL2l ^)L2! <J3£ — 2 

3Jja13) 5)Aa 3I 4_xu3 CjLj Ajc- jL2I 4_xu 3 (jAaAaJljui A^aJI 4 _xu 3 Ciaijjl lilfl 4 jl_3l ^ Ag'sll 

1 1 g .aAI 21^3 SAc. 4_2 c. l-Jjjjj La ^Aj 4 

6 ( Ploss = 3 I 2 R) 3J^221 5ja3I ^3 aa3I • 

4 Js! Ljjjj 6 L$ ^AxJ lAAj (Jsi ^JaA-o 4_a.Luuj dll A Cj>L-aj-a ^Ia^JjujI • 

.32[^J) LjLa. U 4jjuo3L s-Lj (Js) 4i2j LasJ ^^Ajuj 


^A\ jUiA\ 7.1.1 

* ss 1 "1 * *11 /\1 p. ^ ^ \f- l_LujIa3I A4^JI AjA^j c_a3^1j^ 

.JauaJ) (J_^Sa ^A (JjVI • 

.JaaJI 4_I^Al3l 5 ja3I ^A ^^121^ • 

.(Ja3I 42jj 2 A^-a> JjJa3> Aj,w 2 l^jlj (_^2I 2-7 (JjA^JI 32121 4jjJal_^)]| 4AvL3l ^1 aVh3 


Table 7-2 j 


■ = 5. 5 /-^ 

Mi.( 


KVA 

150 


e jAAj'i 

(MW) 

aiu«3> 

(ton) 

4-jj) T ibrtVl 

(KV) 

3500 

500 

765 

500 

400 

400 

120 

150 

220 

80 

50 

132 
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^yaUaJf Jjy £« aj*d 7.2 


aJj2I 4 a ^jjj SjjoiIja (Jjj^ajj Aa Jjj^Ja ^Lj 4£1! All jj 4jIaj ^^3 fpL± (Jaj 4j\aC« C_ul£ 


(February 11, 1847 -October 18, 1931) uj^p! 4A^' u^j 6 ( DC Station) 



1882 4_Loj c2jjj^ ^5^13 ^ 4jjL^j 4iUa 4 a Jjl ^ 

L_lila]| £jaj2I £a 4^JjolJ Aau Iaj3 C_UAjuj) 

^jAaII ^IajI L_LLuaJj ^jAaII ^jIA. \As-1Aj <- > \ u ^ ^jj£1^Ajuoa]I ^jc. CllLc^dl aIaJjIj 


(AII^JjuIaI] 4 t-»-v *\\ S^jALlaII 4jaI*JI 4jjj^la]tj 4iiUa]| (Jaj 4jL^}la Cjjjju A£3 

4^\jaa]| (J^la i > \ u ^ (Jj^aL^JI A^-^ll ^^9 (jV 4 _i1aC> C -±*> 

. ^ Jj^al 


(October 6, (_>j jl vfu^ 4 la*nl^j saja^ 4AjjJa <a11a a*j 

10 July 1856 - 7 January 1943) XoA cgA^' (1846 - March 12,1914) 

4jjjjla (3^ (_£aH 

) 4 4 a! 1 ^ A^-aJI ^ij 

3^1 cj^aI) ikual^j ( AC Station 

4aUo]| (Ja 3 ^aJ 6 S^A (JjV vLuOJ I4 _AAAjjuOI 

4jI^A 1) ^ 6 ^l*JI A^aJI Jajla'V JJ£- 

CjUo^a (J^Ia Sja A^_aJI 

fiAAj . Jjil^jjaiAll ^ja 4aj^)a]| (Jj jVill 

4aUo]| AAaII aKAa Clk> 4 o^jt->\l 

^jAtloA. c_ jjjujj 31 jj A^-^ll (jAalft^Alj 

4 >jVi) JaaJL jldl jLnll 4 ^j3 ^ 

• (^4' ti; 



AC _\\ ^Li\\ ^\.Ax 7.2.1 


0^4 <2 AC Transmission il saja^ J£L1a cjj^ jjj 4 Jja 1<JI 4ilkH ^ ^ j U^V 

: I^Aa (jLuja^Jlj 


jlnl! ) g >a! Saja^ CjIajI*_a Ja <a1]a cjjjjjjoia AC 21 An c_iaj IAI (Ja2I 4_Aac> -1 

c tfhvi 6 aaj 4 Inductive and Capacitive Reactance JLcJ)*j(Xl and Xc ) 
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(2Ljj| jqW z \ jjVI) (>tai ci-aii! - <_jUI 
aAA Jc. L-JJJJJ3 6 DC -SI ^UaJ ^^3 4 i jjjlaSI R 4 _a jULdl 3c. 

. laall 3^ A^al! ^j>>lo-v \\ SaLjj l_£_L* (J£Lol* 

i 33k*\Jl JJ3I} Jaall Jc* l^i&j 3 ^*j s^aA ^ ks-i°\^ Limits lA3Aa JU& 3I Cj±f* ~2 
J JaiJI A$a l$i* l\a\jc. sac. Jc. i_i 3 jpj Max power transmitted Jl &i*j 

Jc. Ljajl c_iajjjj ( X AaaSI 4ijU-0 4 _xu 9 Jc. Ljajl t V1 , V2 AjjIAj 

: aLUJI J l*£ t jnk^JI ^A^a jjj Power angle, 6 Jl iojS 

n Fl^ 2 • c 

P = —- sin6 

x 

Jc. Ja £9 v a 3 jaj 4 _j 9 (JaJI -^Aa Cjjl^ Jl DC Jl ^UaJ ^9 SA333-* (Jj CjISjjlJI £>AAj 

SaLjj^ JJI Ja^Saa. J3k SaLjj jX* L*JjuoV cJs a ! 3J-JI SjAaSIA 3-*3 6 k'N IS (j^l^all J-*aJI 

.( X 4-*j9 

jI^JjujI Jc. (Jkc. cJ^Aa 3I (J-*a!l J 3JXJ J CAjAa Jr AC -SI ^Uaj — 3 

jI^LojI (Jj^aS ^aljj • J3JI 4 Jaa-* (Jj^aS ^9 13 n >nj 31 Jl 3-*^! Jj^aJ L* J 33 4 ^nJI 

Jl ^Uaj J 4 ^uJI jIjaLujI 3I ,Wuh 4 A-*j t (l_Aj£JI lAA 3-* 3JJALJI cjIJIj 4_iJ3^£H 4 ^JJI 
J 4 aJ l*£ Reactive Power Jl c-n^ DC Jl 4 JU. J 4_l* j±& ij»^l AC 

. JJI Iaa 4 _jJ J <JSa 3c. SJJ3 (jjj^LJI JJI 

Ik cJSA^ t Ferranti Effect JUaVl ajc. a$JI ^l&jl s^Ik Jl* j^^^k j3$k -4 
cJIA Jc. l-jjjj 1*3 U3j3iS! Ik Ljajlj 6 4J33XJI AC Jl ^kxj Arcing Ground 
cJSA Jl t ^£>103 Bundle conductors ^l^aiujl c-u^ oX^JI ^ c> 

4 diajj^al JUL3 4 ^jljjaiaJI ^^9 ^J ^jSI^ AC Jl Jkij 4 k nj^ti (J^LAJI 3-* 

• DC Jl Jkij 4 _jjlk* 4 ^C-l_ 3 a!L* ^I^V^ CJvL^a 3JI 

3a! ^\* xn 3I c Asu 3^3 (_£^al 5 ^* J3AJ HVDC ^lAaLujU JaJI 5^9 CjaIc- J£LoiJI cAA 33^-k Axjj 

. U$j 13 JC- L_iiajjj Lo^jljx* 3 >* Ajg*ntn SAalj 4 kjia ( J lx-* ^jjoAjall 0 -*A Axj ; 

HV-DC HV-AC ...Jl <yjU^ 7.3 

3JJ 4 _jjIaJI ^^9 4 ^*Ia UaU JJ*j (_£)al 3x^3Uc- <JU^9 c ^jUJI JaiLd! ^9 CjJA ^Jl JalfiJS 4 iLjaVk 

IAjIjj-J ^iajxj 4 HV — AO Jl ^aUaij 4 _jjlk* HVDO Jl ^alAaj C_J3-^ 3^33x2 IAlLuj3 4 3J-*UaJI 
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j$\\ ; £j| jll 


181 


HV-DC _\\ ^.Vki L-±y±£- 7.3.1 


In'v AjIaj ^^3 ^aLoiaSI Jl jlnll (Jj^j 4 a c > ^llvn ^aLoiaSI jLjSLj (Jaj — 1 

^ L£ JaiJi 4 j 1 ^j ^ (Inverter ) ^jidl Jl >* 1^1 jUSI ^ c£pj 4 (Rectifier ) 

,4_i]lc. 4 a1£j l^J C-iUo^-aSI CjiAj 1 — 7 (J^joiSI 



J£jJ! ^ 1^3 ^[9 DC -SI fUii ^ 4^^kiudJI Inverters and Rectifiers —SI s -2 
harmonic ^l^i^l ijlkm Ua l^a l-jjc^aSI jjc. Harmonics oUal^ilS 1 ;^^ jj 1 *j 2-7 

. 4 flKMI Iaa l - 7 (J^joiSI ^ L£ liSSI j 4 _jIaj Aic. filter 



Figure 7-2 DC Converter Station 
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(2Ljj| jqW z \ jjVI) J^al! - JJI 

)\ (_3jli U^) ^-31 c ' *31*3 ^jjc- Sj4a i4'gn„n l^j» CjI a\\ cAk c_jjjc- 3 ° — 3 

jU3! aJU ^ Lo£ JaaJ) ^)JC. J-GJ Vj jA^axJI AjC- JaaJ! CjIjIAj c^i'^Htn ^JlxflU JJC. 

jLnlli 6 ArC 4_i3^£il 4-Jj)» >(.^ \ u ^ IjjAxj ^)j^l ^jqxj HV DCCjI^JjA ^3 ^Jaj^All 4 

4 m xy SORS Cj|^jjjjIj aI^JjujIj ^_ya\^. (J^juoj l^uxu^aJ ^JJ (Allil 6 ^>aji Vj CjjIj ^aLoiaSI 

U c Lajjoij s:£** Commutation circuts *UL) jjj^ ^ 6 Gate Turn Off> GTO 
U* cycle ^ JJjAdl jluJI ^jV (_)^-joo 1 (jl3 HV AC CjI^jjoi 

.4Jj^ 4_ij^£ 3 c-lfilaj 



AC J! ^al)Vn 4jjULa (JjxjouIIj ^xixu-a3l Abu I^jjjc- (j-oj — 5 


HV-DC 7.3.2 

: l^_La SApC- ^aUa3l l HVDC ^laJI y\\ ( ^lc« (Ja 3I mj (3^ 3° ci^5 


Synchronized c> ox 3ajjl) ajc. V Ujt ^Ik3) )aa cjlyi* ^a1 3 * -1 

4 *n jjalj 5^x31 6 ^a 3 ^ 1^ 6 Stability 31 Ia^. 4x>^ 5^x31 aA^ c AC 31 4JLa. 

i" \* m jj i~ Ij\ — 4 ^JjoJ lAa. £JJjuj j^oj 1 a £ \ i~ iK LoAj — Al^Jb A 


4 _Sx 3 HVDC 31 ^Uaij l^jjj Jaj^l ^jj ^ Grids) S 4 A*Aa sa^^q cjI^ia $.1331 (J>La. 3° 4 ^n 3 l 

CjI^Jjoi JaJ^)] Aaal (JjVI (Jj^adl ( ^i 6-1 »4jiila^dl CjLo^laAdl ^jjj 4iUal! J^Ljj 

. HVDC s^id) oLVjll 


t DC J! 3-7 ^ US JaAa Bipolar system jIjjI cilX^Vl ^ uj^ DC J! ^ -2 

^ U£ AC Jl ^ ( three phase ) && sa^)^) s^UL AyuJ^\ ^ <jj^ ^x 

j^au ji Monopolar Jaia a^|j J=Lk ^Vu»n DC 31 ^ lAaj) tiJUAj 4 4~7 
)3a j t ^)» l>rol DC -SI ^Uaj ^ IjAajI £^>31 ^ 2 ^. jla JblL .(jiajVl JvLk jU3) 

. (Jal 4^1 £j ^^Axj 
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nt 


js\\ ; £j! jll 




Figure 7-3 HVDC system 


Figure 7-4 Three-phase system 

. Xc 3-l^a-ui 4 _lc.LLa V 9 Xl 4 jj^> 4 _lc.LLa V J til Li J 4 \jA J^a ^jjII (JjSj DC -11 ^Ual _ 3 
tpllj (<-jUJI liA 4 jI$j ^ ^U^aj ^pll) \^K\ Reactive Power J 45^3 ^ 14a>j 

^)jc. ijuai jjc* Spall jj ya nun SJjAAaII SpAll S^Lj ^ l-llouII l^_Laj ,^^11 (jljjl t^lo 
• AC -11 4^a^)|y 2 Jjuol i^yA ^Acl DC -11 4 U>^ ^jjfljjuol ^jl IajLuj tils ^A3 t^H41j 4 JajjLi'S 11 

^jioll jliill jai <. & n% 4 JaAa ^jioll jliill 4 JU* ^ 5 ^ 2 ^ skin effect J! SyfcLLi -4 

illi 4_a>j|jjuLaj ^)Lnll l$J3 ^)-aJ ^Ull 4 _i1xa 1I ^JaiLall 4_^.Laixi (Jaj (_£l (Jj^aj-all ^akjLiJl 

jL nll j-aj c & j-ajjaj-all jLnll 4_1L^ ^ jjc. SyfcUall cLa> Umj 4 ( JjalUJI 

*LajULall^ DC -11 4JU ^ 4HajULa ^j-a ^}j£l AC -11 ilU ^^3 (Jj-aj-all *LajLLa (jl ( ^ 5 _ 1 *J I4&J (Ju^aj-all 
aIL^ (I^ R) 4jjoit^-ill jjsIaaII jj£j <jl ^11 Sj^j jJalLi ^ InS^ll 4_^.Lai^ lj k p-k^Lni 

.ji DC J1 

_11 Sy^Ual 4 _^Jl 11£ AC -11 *1U ^^9 4 * Lifl^a 4_^.Laba ^j-a (Jlil DC-11 ilU ^ (Ja^3^a11 ^iSa 4_^Laixi — 5 

. 4 J £11 iilSjll <> liAj 4 skin effect 

(j-a ^)JJ^} J51 (I*R) L*^ 11 (J^la LS^* 44^11 ^9 ^aIj^aII jUilLl Jill! 4Jt^. ^^9 ~6 

Voltage Regulation ^11 c>^j Lu> (I * (R+jX) ^jiA\ jLnlL J^l 4 lL*> ^ ^J 1 ^ 

. 4^J4£11 Sj^aII (JaI S^Ia^ 

Jj^Vi l l '^ Ja_)xuJ^ Sj-ia (Jflj] (J,4 s DC DC 4jl^ ~ V 

4-o^q Ujxul Lg^ Ja^. (JIjJa] J j <^3ljA AC —SI 5Jla, ^3 LgJJJ 6 ^ JaAS Cj^L^a^aii (j£jl^a_S! 

. (M. 

Shunt or Series Jio J*4. J^L ^ Compensators cjLaj*^ ^.ivi.ni V DC Ji JiJI Jaa. -8 

. AC -SI J=^ki. k, ^~unal l Shunt reactors J capacitors 
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(A^Ij^I E 1 jjVI) c>12! lU^I - ^Ull 


^ Igjl^ki c> <Jat jaLuJ! jUIU l£ 21 2ajla*> ^ Corona Losses Ujj^l jjaU* -9 

.^SyfcUsJl £Jju 2 £ju2j 3I £^Jj) *^£-21 jL 22 

^ AixLa jJXL Jal DC21 ^»Uaj ^ S.C Current jj^221 jL A-aia Lj£j CjVL21 ^ -10 
(j-o jLnll S^jb (J-oj£j C-U^. AjjL21 (JvLk j-cj CjvL^a^11 aJL. LqJjoiV AC -SI ^UaJ 

. A^uftll (_]a13 aJL. ^3 A_2L ^LjliL JXk 



21 ^aUaj AjjbLl] 4_2 wj V Ail ^ 'l* xn HVDC 21 ^Ua2 Ajjt«o^ Cjjjj-Q c2U& 6 AAjLoJI Cj^jaaI] AiLjaVtjJ 

. JWI ls ^ ^ csAi ‘ HVAC 


? HVDC „ \\ ^V\hL ^li\\ dWlfc ^ 7.3.3 

j j^,u > i c^j^ll Llj^I ^jc. Jj^j aJ L yA l^pj Ijbikl HVDC Transmission j.a Lu . 21 jlulL l£ 21 jii*j 

: Aj 3VI c£Lll oVUJl ^ 

( vtL 60 Hz j 50 Hz ) \sY\\a (jjfL Ljuc. —1 

( Aj£jj11uj 1 CjLjajJt-o l_u^)J £_Loj C-U^J O^Jl (J£ (vtL ^)^) <^L £_jLq Jnc» “2 

IhM jjj JaiJl c2L ^ aJLVi c>j . Wii? static var compensators) 
c_l^j HVDC CjvLI^ (J>Lk (j-o CjIj Ajx> 2000 ^ 45 Jl aI^L t Lu^aj 

^ jjati* cilU jlSl HV-AC jl Ua Jiill J . *121 

.(JjISIU ijuaUJI Capacitance 

^xlaj C > ^ X^oj l** n^kj *LA x>21 Jj^Llll (jLjUC. — 3 

JaUjVlj JL* ^ U^Iij synchronization 


J! (J>L^ a_1jL jL21 
(Jxc- L^j3 


* A 14 

.AjvL^*Hj AC 21 ^aUaj ( _ S -L JaA3 ^LuAVI Uj^j k L< 4-11-21 1^& A_iAJ 


V\hi\\ \ 7.3.4 

Inverters and 21 cAU^* Ikl jjj jl» jLSll aj.ui 2L) iaia J*21 2^k Ail£ja t Ail^ill ajjouIL LI 
J1 £-L^j j-qjjoix21 jL2l ^jV 4 ^ji21 jL21 AjjaLL 1^2iLq ^ <JSI j-oLjj-21 jL21 ^ jlik-Vl Rectifiers 
Aj2£j : Alaj^L^ . (Jal aa!£j ^il^L ^ (Jal ^LjI Cj13 (Jaj < 2^1 cJjb^ ivLa j-q 

.^(jxoUs^l S^2k^ I^jV ^jLc-VI V .^>11 
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A^s^aII ^I^IaIIj . DC -ll ^aUaij Aj^aLk CjIAjla tilliA IajIj 4 (JillI AtfK*l ^ l" Utijl ijll \ Aa1£j 1I (jSl 

Jaa*V . (Jilll Jaa* (J_^la £A AjjliA AAjjaII^ ^aLujaII ^)Ijl111j (Jilll Ail£j (jdJ (J^ftll ^jJajJ 5 — 7 (JSjoi ^9 
I^tlll j)^ ill (Jilll (J^la ^aLoiaII ^ AAjjaII jUIL (Jilll JaaJ 4 jjLu 11V1 Ail£jll 



<jV 6 AAjIaII jLnll (j a ^)jSI 5 jj» t«oll CjliloiAil ^aLuaII jLnlL (Jilll JaaJ AjjIAjjVI a oK"\l — J 


.AajaII ^ijjia Jjla Inverters/ Rectifications olka^ aaISj 

aaISjII ^^laaA jJal&j Iaajc. ^pll^ Break even distance JaaJI J^al a 1 i*a ajc. jSl -2 
Ujil ^S 800 (J^UaJ (J^lal (jj£j 4-AJflll aAAj . (J3I ^jaJjoiaII ^)l_£lllj (Jilll Aa1£j (jl AaJ (jxalkill 
^ja ^£1^ aIj jJall olaUdl ^ajjoiaII jUIL (Jilll (j^Vnuj AjAL^ailsVI Aa^UII ^ja AjI a^j cAIIa! 4 
.^S 800 (j-o <JSV! CjliluiAll ^ aajIaII jlnlL <Jiill LiL^aia! JjJaij IaIaj 800 

1^"1j1a ^ja ^)j£l AAjIaII jUIL (JillI JaaJ AjjaIIL AaJ^ll jja j)lj511 JaaJI Aa1£j (Ja*a (jl Jaa*V — 3 

. liiLoa IaIA^Sa ^pll L-jIjjuovU AaIc- AiL^aJ tAllAj ^jaJjuiaII ^Lnll A. ualllj 


Station 

Cost 


DC 

Convertor _ 
Stations " 


Break Even 
Distance 


AC 


AC 

Stations 




■ ► 

Transmission Distance 


Figure 7-5 (jj-aUaill ^ 4 aK~< dnj ijjLL* 


<yyl£All Jdi«JI 4*4 7.4 


^A 4 ^jjj^llj (Jilll Ja^laaJ £-l^ll AjJIj Aa^J 


Over Head Transmission Lines aj%a JajLiw . 1 
•Underground Cables aj^J JjI^ .2 
SF 6 -Si Jlc. ^AaALuaj jd\ Gas-Insulated Lines J) Jajlaa. jAj 4 ^jLa c21j caIUaj .3 

lAA ^ja Ail Jaa> (J^la|j 4 JaflS S^jjix-all CjIaLoiaII ^3j aIa^JjujVI 5Aj,W a (J]jlV AijjJall 6 AAj 4 (JjlsL^ 

AJjjli CjUaa-A (JaJA IJlc- (Jj^l Ja^laaJI ftAA ^JaxAj . LiIIaII ^)1a 700 (J^L^ ^15^^ 

(Jjaj ^ill 6 — 7 JllJI ^^-3 US (jlill (JJLa. aIj jJa ^jJC- AaLoiaI 1 lij Asliall (Jill (Jj^aall CjI laa .a 


. ^jaIaJjuj aS^juj CjUa^A j^.wV U,Ajaj 
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E 1 jjVI) ^Ull 




Figure7-6 Gas Insulated Lines 


.JaA3 (jjj JjjULdl Z* £^aJI C 5 ^ UJ?^J kk l3 


4fl\~ i i's < <dl l^J^L f.Wu>n 4 Al j^*_a]| 49jjoi^xJI CjvL^aj-Jl ^Vn*n Ja^9 

^ic- i* Jl Ig *^i3M CJvL-aj-JI <jjj (JjlaJI j ( (jLaVi ^)J9 jj] 4_jsI^ JJLuiaj (jiajVi (jc- (Ju^aj-<dl 

• L11 < cILhajuj daadl ^ L*ui JjL 


J>ljlf£]| Jai^Jaaw 4oK~ ^Ajj 


dli^» c 4_bkJa 


)V1 Cj>GI£II (j>a L^L^aJSl (JjJa9l La^ac. JajL'N 11 ^jjjuj 


4HjUI ( jli ^aJ (J>15 * 4 jjLuj!L<JI CjLjl^-aVl Cj! j 4 _ij]^JI Jajia^JI a o\<~ t_i?» >>> CjI^g 10 5 (j-° 

vLJs jj£I (jj£j l^J 4 _jjL^J) (jl VI t 4_ijJajV! (j>» 1>A^ c)5l (^LiijVI ljlJI^ 4_ij[^J) LjL^U 

^IaJjj (JjijjJI ^jjjan JiUaj ^ja 4_Jjj.9 JjLlx^a ^Jl 4 _AjI^JI Jajla^JI l~ 1j\ 4 Cj>LjI£1] 4jjL^JI C —^ja 

A^j^sJLa CJvL^aj-o 4 jjjlJI (J-ajjjJ l^jJajJU JJL^ ^ (J^jg \l p-LjaC-l ^uaJU ^nijj ,9 cJ^a]| 

(Jiaj 4_lj]^JI LjL-v U SjjJlIaIIj AHjliJ! t Oj\KM1 ^J)A~\ A jlfl 4 tilL ^aCjJj . 4 _XlJjuJI 4_nfl]| (JjjUlj Ig x.O» n IgJjj^ajJ 

. 4jjJajVl Cj>LjI£ 1] l^C. x> jjj^j (JbI 


(JaJI LjL-v ^LijV 4_l^lla-<dl 4_^.Lai/a s^ljj LLaJ CjXjIHI l)j l ^ q ~ 4_5-^ ^9 La-<a 

Jaav ^-Lujjl ^jli (JU-JI (Jj^^ ^\*9 4 ^g,xjjV 1 4J^-aJI JJL^. ^g9 

(JLq ^.Laljl 4jJ£j -9l-9jJ C_SjjuJ ^)iajVi 4 J)AA I^JA j£ia 30000 L , ^^gJlxSl ^ ^ ^ 

.Ja^J! 
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■Lujpll ; j^jljll 

^Ijj j 4_i*_nia]| (J JJI^ 4_J^aJI CjIjjaASL IAjjIj ^Ac- (jiajVI C±aA 4_j^5 Aa]| CjvLIdll J)J-oj Lui Ljajjj 

Jl AiLjaVb — CJvLIdll c ^ n*j (j£j . JajLi'slI (jc. lApaC- Ajjj JIaIL j 4 djjidSlj AilpJI 

.(AISaS 4jjAaJI CjljLjaJI ^IaAAuAj VI Uadi I <jl£a AjA^J 4jjXx-a — l^ioj ^ lijjl 



t Composite Overhead-Underground Lines 3 kVvs« IaasA JJjJI j! Jjaj ^Ajli 4 L^j 

L>°J 6 A_)>Ljld]l ^AAAudj tulfl >LL<a 4_Addl ^lalldl 4 jjI^JI JaJaAJl ^bVuJ L_ULj^a]l (jjflJ 1^^ 

i C.I3J aAaA titialj t U/G Cable + OHTL * Jails UaA .w~ J ^Jxus 

. U/G Cable + OHTL + U/G Cable 


A! jVI JaAJls i, 4jI a^W 4^aj) a ^Uk <o" 4_i^xjl^ 3 ^S S^Lj (JjAjojVL (jjAua ^piV I lAA 

Jl ^IaaAuL *1 jjoj JlaJI 4 iLoui aja^a J 4 j^lx^> aSUa JhlLj ^ saJ^ Characteristic Impedance 

. Travelling Waves ^IaaAoAj J Distance relay 


b$b* dMdljj ^ <WUII gayfll^ll 7.5 

CjV-^ 3j-a l-^l (_pa*_AI ^Ajj L£ CjjouIj 6 AjIaj LojIs Lie. ^) n»~i f.lj^ll (Jaj 4jLc> <jl ^jVl ^^Ai. 4_x*a>iAJI 

(J^Louij AaaSI (j£Laui £\Xxl A\\u^iT) CjLujIjaI ^lAaA Uj| c_jLJI IaA J liA (_£pjujj c ^>A.V (j-o IjLj 

. (J^LuuJI IAjjC^j A^aJI ^aUajjl t ^|^aLojVI 


iutfSSI (Jt^aSI (JjoA^o l^J J J (.-ia>J ^Jl £_iAaJi]| ^aAl lAA U' ^AJaSI 4^AiLail aAA 4 _jI^A ^ilaAuAj 

l SjjuiLq (JaiII JaAAI xAaIIj 


: Jj^aS ^ fiAAj AoJlj^il JajJa^JI A-luuj^I j-uaUxi|— 1 

? 4_iSj 4 ^o\l| 

\^\jA\j Transmission towers ^b/^l • 

conductors oX^dl • 

Cjvti^ajj Ajudll cjlj>iV -^3 ^pajjtillj li g ) cjIaI^s j Damping devices dl (JiLo cA&aJ-dl • 

.4i>Lkj L^j^aJxdl 

Ujjj£JI Sy^Uaj 6 l^c-l^jl^ c3>Lj Insulators Jjl^sJI (_pjAj 4 _aSj t ^^jojIaII (Jj^adl^ 

•e 3 ! 

6 (t_jljiHj jdbdl J^all) c_jUI Ia^j dJliill J^g'l ^ (JjjjAj ^aaj 4 TL Parameters -SI CjLIua-2 

6 A^-aJI CjIjj L_jljuaa^ 6 Li Jad bjSsW (Jaj ^jA^» 4jojIjJ Jl tijli 4-oJlA-dl J LJi Lda 
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E 1 jjVI) c>U! lU^I - ^Ull 



£Db JaaJb 4_^UJI Parameters -SI cjL^ j! JaaJI a1j\ju* 3^j5 cjLu^ J! ^ba^ li* 

i be. 


(Jj^aj-JI 4 _a jULa 4 _xu 3 L-jLma • 

JaaJ! Ujbbj Inductance Jl 4_*ia l-jL^ • 

. ji^aJI ^ Ujbhj Capacitance Jl ^3 l-jL^ • 


s^lbj Arcing Ground J[$ bjj^ll s^lb Jic Parameters Jl s.n*2* ja l^b cJL&j 

. Jj^JI IJ* ^ biaj! jaI^UI iiA Ujjej Ferranti Effect 

4*1*11 cjlejjjaj-JI c> Reactive Power Compensators ilUill Spill CjLaj** CiUSj-3 

bjlaa. 4Je ^jlbj Lo 4 4^_uJI ^a> (jjjuiaj ^3 S-leLaiJI JaaJb 4jyiidl Sj^JI ^3 ^^aJI AjJjJ 

lU^JI ^ o-j^j aJfcj 6 FACTs Ijb^sikl jl Flexible AC Transmission systems 4j>J! J*JI 

.^^joiC. (^jlaJI (JjL-aJlj c_j\_JI IJk (_y& ^)ja»VI 
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; j^jljll i_jIj£]I 
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el>5SI , 9+AiOd 8.1 

(Ji 2 l JaaJ ^ (Jj^aIIj . ^>aJ (jl^A Cy* Sj 2 i]| (Jaj ^A 4_iJ^4£j| (Ji 2 l 3ajl-i'sl 4 jjoUJ^)]| 4i2a^ll 

Ja^JaaJI *(^H^jVI C^ 0 ^ 43 ^ 1-9 S.4c>Luia 2 ^aJ C 5 ^ eA^VI ^2 (Jj^_^ 2 I ^^ 2^2 

6 4 m a 4^u9 ^4aJl 2j 12 4J^C> ^)jud£jj — (Jjj^xll (J^ (jLai — (j^3j 6 cJj^ £>j_9^2 (j^ 

4-<u 2I 6.4A (j-o jj£( Jl (jjllaAj <jj Jl^aJI Jj^j 131 4jl 6 30 kV/CIIl 4_SLa. ^ 

^Ac> CJvL-a^21 ^Ac. 4alflaJI 12^ ^“I^jVI ^l.laJj2 ^a ^a^)xSI (j^ I2j .^Jj^a ^a ^Al e-I^AI k iA 

. (j>i* 31 1 ^ kj-xx) C)^i$ \n 4_1aI 4iLoiA ^La2 c4135j ^jiajVI (j-<» ^j2 ^IajjI 

: I^aA) c 4 _ij^4£JI ^_L >/2 ~Ja x«aJ ^ jjJj ^21 JaI^I JJiaujj 
^lajjai2l Jl^-aJI — 1 

.gjA\ l$i A^J jti\ -2 

.jrl^VI (jAJ 4iLauJ! — 3 

. (. _ C^) I^A (jia^aUJ ^-4^321 (J 2 ^ 2 ! — 4 

. I 4 JJJ 4iLmxJ)3 CJvL-aj 2 l ^)Ua 2 — 5 
(c J i 4 (_pajVl 4xAila) 4j3|^x-aJl (J2^2I — 6 


jj^U j^Vl ^Vl I 3 aj ^Pylons <^0^ jl Tower ji L! ^>31 jt .iaiu> j-aA^I ^ 

4_jLuo^)aJI <jA ( x_u-aj 0 toxj| 4AaJ.HA 4 _j4jJL^, CjvI^jujj ^ja 12 Ic. ^ n«oj (_^2jj ^^31 ^_il*-aj 4jjjjjaj (J^Ji 

. ^IjUtn 4jJaAau2l J^aAl ^ L_LuiaJI ^^Ha jl 


(_g<)lui.A ^jAc. 4_x-al_a, CjVI^ 2 Ua ^jl VI t liJ^J jIa 50 — 15 (J 4 J ^jljJJ ^)>jVI CjIc-IajjI A ^jl ^C-jj 

. ^aj-oj jja 370 Jl cs-^l) jl^VI cjUa Jl ^>21 ^l^jl ^Al*JI 


^ilallj^ 6 ^jjjJjjoJI 512 (^21 ^jI^JI (J^l 3aa. ^jAjJa ^jlj^a^A ^ ^)!1 a 221 ) juxa ^Acl^ 

.5U2I ^)Jxj ^21 4^oauj2l (jLA\ 1 a4 1a c 

.^2l*JI 2_^a 6^A ^)4 joiI (j^asuj 42L^aal a^Aj 
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Tower 

Year 

Country 

Town 

Pinnacle 

Remarks 

Zhoushan 

Island 

Overhead 

Powerline 

Tie 

2009- 

2010 

China 

Damao Island 

370 m 

Tallest 
pylons in 
the world 

Nanjing 

Yangtze 

River 

Crossing 

1992 

China 

Nanjing 

257 m 

Tallest 
reinforced 
concrete 
pylons in 
the world 

HVDC 

Yangtze 

River 

Crossing 

Wuhu 

2003 

China 

Wuhu 

229 m 

Tallest 

electricity 

pylons 

used 

for HVDC 

Elbe 

Crossing 2 

1976- 

1978 

Germany 

Stade 

227 m 

Tallest 
electricity 
pylons in 
Europe 

Chushi 

Powerline 

Crossing 

1962 

Japan 

Takehara 

226 m 

Tallest 
electricity 
pylons in 
Japan 

Overhead 
line crossing 
Suez Canal 

1998 

Egypt 


221 m 


Bosporus 
overhead 
line crossing 

III 

1999 

Turkey 

Istanbul 

160 m 

















(2Ljj| J^\ jjVt) J—iil - ^1 vW!' 


Tower 

Year 

Country 

Town 

Pinnacle 

Remarks 

Pylons of 

Ghesm 

Crossing 

1984 

Iran 

Strait of Ghesm 

130 m 

One pylon 
standing on 
a caisson 
in the sea 

Carquinez 

Strait 

Powerline 

Crossing 

1901 

United 

States 

Benicia 

68 m + 20 m 

World's first 
powerline 
crossing of 
a larger 
waterway 


dAi^^o yj* *a\l£- 8.1.1 

* 4_LujLuj1 j ' ^ 4j>Ij i^y* 11 S j ^jl^A Jaa. ^1 (j 
. ^aJaj^ £yi 4-jlc. (_)dlt"n Lo^ TOWGf 1 

insulators Jjl^aJI -2 

di>L^3 

IjJLo CjlftaJ-oll (j-° «^C- J! AildaVLa 

4j3j2I (> 4jUsJ] Shield conductors IdaJ Earthing Line LS ^J^\ is. • 

Dampers jljiaYl cjIa«U. • 
Bundle Conductors J! ^Usj 3JU. ^ Spacer <iDL&l J^l^a • 

.Ujjc.j t Guarding Rings Ad-ixi) cjULJI • 
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Figure 8-1 cAijfa 


j)\ 4jljx.roII CjUIaC. 4J 4_a3j (JrQ^i 4 _Jjjjlj 4_^1 ^yn 4J JjV (jJ 

.^(JUaC-VI (jc- ClaJI 


I (Jjxro^ 4 j>Ij (Jj-ojJa l_jIJI I-4A ^^9 lj& ^jjoJjuj l&jJC'j 4 JLjI_xjJI CjljjfLJIj 


. j CJvLx^aJ-^l_5 1 jlj x<ofl* 1 ^ajJUjuj ^Ul (Jx«oflll U& 

. jrl^Vl ^ Jj!^ -u £_ujUI (Jx.oflll Lai 

^j3 l_jLui^ 4jgj^j 4_Jl^JI Jaj)I p'sII b>i^l Simulation JJLoj (J-oc. 4 \$f\ ^jojUI (Jx^oJI ( ^a 

^11 jijh Ljajl 4 ( Resistance, Inductance and Capacitance ) Ujj-aU^ 
(Jxo Parameters Jl 4 L>y^j Jl ^&|^U| j 1 >.>>ji 6 Lo^oc> 4JLUI jaa> JJ ^Ic, 
.,^>11 ^ ^UjjVI jaI^j 6 Arcing Ground Jl 4 Ferranti Effect Jl s^Uj 
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(2Ljj| jqW z \ jjVI) J^al! - ^lill lJJI 


<by>fe2JI el>5JI ^ QUUil 8.2 


(three phases cJAl^^a A a ^" ] sa^J^I) s^jIaII^ sa^J^ 4 jj^^ s^jIa ^>21 cJ^^j <jl 

CJvL^a j^2 I <jjj 4 _Lq! CjliLoixi A_^j ^J<cu«o*l Ak ( ^C-ljJ (jl L_L^Jj .^jJJjjIa (Jx>^kj j! Ljajl c 

•S^l (Ja ^jojLujVI C_9A^JI 3^5 6 U^* l^jJaxJj Cj>Lx^aj-All (jJJ c O'^j'^li 

ll^-Lo j3>jVI 4_joj]jA Ak t_flu.ro jjU ^tkj CjliLaixi SAc. cillkj 


^ajV|_5 CjvLi^a^ a]| 4aLoia]|j 6 ^}2I _ 1 

aA j ^a!) cJ^ u^ 4iLouJ) — 2 

Right of Way j±yA\ JjjL ^ 4ilu^ -3 

4jjaL^UaLxJ|j 4 _ij^£1I CJ^\+A\ jjpb <ja 4AaVI CjliLaixJ! jjAflj —4 


. CjIc. jjJa jaII fiAA vLu^aflJ (JjjjAj ^L IajS j 


O^J^3 ^aa ^^i\\ 8.2.1 

jJJLj t Ijjjai! ^^21 4j^aLk!l ^IjjVI »lfru*iljj jj-o 50 — 15 (Jjj I2lk jvb/^O 

. A^JI 4_xu3 4 AjUL2I ^£.3 ^^jujLujV 1 
I ^ U£ <- ^ u j)£ 3 ^jAajV|j C-L/L^o^aII (jjj Ail i n all Af 1 .laJl Lot 

CLEARANCE ABOVE GROUNDS: 

(Clause 77 of Indian Electricity Rules)— m. 

33 KV-5.100 

66 KV-5.490 

132 KV-6.100 

220 KV---7.015 

400 KV-8.840 

^glc- Ujrajlj JP I A^kjJlj V| £ 11 ^_ic. AiLuJl 1 oftj"" ■ > ^2all-IJ 4 CjV A*-31 (jjaxj A^q Ljajl 1 ^^ 

£3aft'.A 1" CjV-^L- 31 ( m0 y3XJj .^J^)I1 l_j^jA •"'Ajj ■"^ ■ -~ t ^31 V Aj ^j)<uii31 sciy -11 jl.lL, 

oiA Ajlaj ^ ^,lVi..n < _ s j1 I Formulas 31 6 ^ 4 ! jrilaj (_pa*j 1-8 JjA^j . (jliLuaJl ^ J-aj-31 

:CjliLo31 
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>1 <joiAiA ; £j|> c_jU£]| 


Table 8-1 



1) Mecomb's formula 


5/wc7/?g(c?w) = 0.3048-F + 4.010^Vs 


V= Voltage of system in KV 
D= Diameter of Conductor in cm 
S= Sag in cm 

W= weight of conductor in Kg/m 


2) VDE formula 


Spacing(cm) = 7.5\[s H— 

2000 

Where- 

V= Voltage of system in KV 

S= Sag in cm 

□ Swedish formula 

Where- 

Spacing(cm) = 6.5V5 + 0.7 * £ 

E= Line Voltage in KV 

S= Sag in cm 

□ French formula 

Where- 

E= Line Voltage in KV 

Spacing(cm ) = 8.0 y/S + L + ^ 

S= Sag in cm 

L= length of insulating string(crrt 


Alii (jjLi 8.2.2 

jjSjj (Jal ^]a*j ^>1! 4iLoixJ) JUJ) .^>11 >j (Span) ^4iLauJ! 

(>3 ( ^ I «^>a) JaiJI (> AxJ >xiCjliloiaJ! .4_)^jLoVl 

(Jj-a Cjljla* x>\I ^uaJLJ ( vHa 4 jjj C_sli >ajl ^ ^JajoilLa^ 4 j^Ic« >ajl ^ £jJa_£Luj 

ikJjj 6 Sj|^ ^^Ac-I L5^ Sag Cj>Lx^aj-<JI ai& j 4 l^J Sjl^ > Cj^L^aJjai 5^3 

4_ijLj^pJI C—j ^] 4iLjaV^J (J3I3C- (Jjaj>Laj (J^laj 1 jJajl 

500 L^j> ajjj t c5 >400 <> 4iLuixJ) jUjc-Lj CjULoi^J! (_g>j s^lcj 

(J4_x^aL^ C_AjLai^JI (_£>j . 4flK"l (J3I ^ )a3M ^>11 4iLaixi]| ^aJ >-0 

.4x.JjujJ ^gic. 


Right of Way j3>« ^aL** 8.2.3 

— 8 J^) Ja^la^Jl ^jc. jL^joiVjj <>1x^1 Right of Way ajjujILo AiLou* *^3^3 dr c . 

laflxtn V >jli CjIjjujVI > L_LLuj l £^4 ^ 1^1 C & 4iLauJi fijlA L_Lal^Jj . (2 

. Sjy k till (J^la 4 j]| (_>aJ ^ (J^Iall ^ajfnnj 1>3 6 Jajjla'sll 
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Figure 8-2 Right of Way 


<- > 'y J V (JillI CjljljjuJ IaJjojV IgJ&J SjIaII CjljljjaJI (J^JjoIA 




.3-8 (J^joiII ^9 ^^9 l^ i>>l q-v \\ 



Figure 8-3 


Ia^ SjIjjoiI! CjJUal ^ ja~v jyaT\ (jl (jj)^jxti9 iiiLail! Sjj j^all Ia^ ill^ 4 _iIj IaIc. 

J^2^a1I kklW (jl tlA Ajjjill 4 ^jIaa1|j 6 ^UavU £.[^11 (J3j9 ^liljl L-lJjuljj 4-8 (J^JOllI 

J&J 4_ilc. ^ ^ (J^)9 -^5^_5 ^A L_Ujalll^ t t_9 til 500 -la^Jl ^ (jl^ ^1 ^(_^ilj C-jL^aJ (jl S^ljjolll (J^lij 

^ic. ^ ^ 3 j 9 J^2wj t ^ <uin Jjljj Vj (JajII la^laa. ( ^Ac« (,_flil ^Ull ^jjjiall 4 _UjoJ tillj ^9 ^Aj c SjLuull (J^.li 

^ (3^3 lA^JJJ jnU (JJJ VI V jLnll (jl . l^AJUOA. 
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I x M A 



lAAjc. t SjJjaA! L_jlj 1 -\ (jiajVl SjJjaA! (J^a^JoAl I.AA ^Alc- IaI l~ iWj ^aIaII 3 )^ 11 Iaj |_9 

SjIjjoJLj 4 a\\ 4fl)V l ixAl jlaAl (_$\ ^£-j .4jj^q JaiJ3 ^jjoJ j 4A^aJ cJll^ 4 xun'V ( ^Ac« (JJjS (jj)^Vi 

4_lgAS (jl 4 _Jjl3 cAJa (Jsl JiLaixi ( ^Ac« L)J^ (jl lAli t ^)J-c 10 (jc- (Jaj V Aju ^^^Ac. c_flAJ 3 I 

. 4 _xujo^. C 5 Ac. Step Voltage i jK\i L 5 ii^ 33 ^ vL>j 3 jjjj 1 _^al« 



Figure 8-5 


(_g\ (juxAj >ts Sj^A\ S^aUl-g ^a^juJI a]jI IaIs 

(j^£j 3 I L_l^Jj t SjLbuall 4 jjA\jl^ Axj I^-Lq C-jhT^ 

.5-8 (J^joAI ^A L£ 4-LaAA 


CaV^Vjuix Aa _jk 8.2.4 


SAjui L-ASjiljj . ^ 7-8 (J^xuj 6-8 L&a) 4_jjaLllaLli_xij 4 jj^^ l^A^* (jU 4^J^i Jaj]n*s J)jxm 

. jtnl! SAjoi ^Ac. ^.uajJaljjLxJI JU^JI SAjoi lJjSjju 1 a\u c A^-aJl SAjui ^Ac. (JL^-xJI Sj^Ll^j 
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Figure 8-7 Figure 8-6 


^9 Ia^ cJl <Al 400 4ak ^ (JIaa]| (JjJjuj ( ^Asl 9 6 Jakll (jc* A*_JI (_£Aa \ x>»jl (Jl's a!1 SAjoi c_J29jJJj 

Axj 1|JT (Jj^aJ 1 A*m 15 |JT SjjojIja Ja^JI (JjLojI ^ x>ij)^U3La]| (Jl'S a!1 SAjui (jj£j l~ n^v 8-8 

.AaaJI (jA jja 60 



Figure 8-8 cJ^j Aak ej^ij *'* j 


.0.3kV/m 7kV/m ox <3^' ^ 4^9 l*t 


^ ^^joillaUaLAljj C5 J^£JI JI^aI! l t lUtm l^Dlk 4iLaiAli jjJlijj Ia Ic^j 4jj\jJaJA (j) ^Cjj 

c_a>Lk V ^ja]| <AlU& (j! VI t (jl^Vl ^^ ls^“ ^^Aa 

l-A^I jjli'v jmj C_A^9 100 ^pA ^ja (J 9 I • 

Iju^I UIa) ox*x cJ^9 100 l£1 jAa 10 (j-* • 


^JJA 4-9\juja Ji^V 1 C-lic-i ^9j 6 (_)^lja3JJ Ajj I^J9 JiJbujJJ p'^ 9 A1 4jlLua ^JlIaJaII (J4L9 

(j^akjai ^ CjVW a!1 £>A& Sj (jAi'V 4 jujIjJs Ak. Ik £_ila]lj . 4 _Ujj\ua A^Luoa 10 (J^ 
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Vj 6^ JajlaiJI 6.1& vLl^la tj3j ^jJaAJ (jl ^jJaJ&j 4i^xjj ^1 4 _Lg£. 4jt_i±]a ^ 4fl)o *1^11 d^A 

. I^jIc. Ijj >a ^aj (j^a^jai ^ic> IAjjjIj 



c& 


LINE CLEARANCES 

The minimum clearances shall be in accordance with Indian Electricity Rules, 1956 and are given in 
Table I. 


Table - I, Minimum Clearance ( Values in Meters ) 


Voltage Category 
(IE Rules,1956) 

Nominal System - 
Voltage Clearance 

Low & Medium Voltage 

High M)ltage 

Extra High Voltage 

Low 

Upto 
11 KV 

Upto 
33 KV 

66 KV 

132 KV 

220 KV 

400 KV 
HVDC 

±500 KV 

800 KV 

1) Clearance to Ground 










(a) Across Street 

5.8 

6.1 

6.1 

6.1 

6.1 

7.0 

8.80 

12.50 

12.40 

(b) Along Street 

5.5 

5.6 

5.8 

6.1 

6.1 

7.0 

8.80 

12.50 

12.40 

(c) Other areas Bore Cond. 

4.6 

4.6 

5.2 

5.5 

6.1 

7.0 

8.80 

12.50 

12.40 

(d) Other areas Insu. cond. 

4.0 

4.0 

- 

- 

- 

- 

- 

- 

- 

2) Clearance to Buildings 










(a) Vertical (*) - from 
higher object 

2.5 

3.7 

3.7 

4.0 

4.6 

5.5 

$ 

7.30 

11.59 

10.50 

(b) Horizantal (+) - from 
nearest point. 

1.129 

1.219 

2.0 

2.3 

2.9 

3.80 

5.6 

10.98 

9.20 


3) Clearance Between Line crossing each other. 


Voltage of 1 st Line 

VDltage of 2 nd Line 

250V to 66KV 

100 KV 

132 KV 

220 KV 

400 KV 

± 500KV 
HVDC 

800 KV 

250 V to 66 KV 

2.44 

2.75 

3.05 

4.58 

5.49 

6.86 

7.94 

100 KV 

2.75 

2.75 

3.05 

4.58 

5.49 

6.86 

7.94 

132 KV 

3.05 

3.05 

3.05 

4.58 

5.49 

6.86 

7.94 

220 KV 

4.58 

4.58 

4.58 

4.58 

5.49 

6.86 

7.94 

400 KV 

5.49 

5.49 

5.49 

5.49 

5.49 

6.86 

7.94 

+ 500 KV HVDC 

6.86 

6.86 

6.86 

6.86 

6.86 

6.86 

7.94 

800 KV 

7.94 

7.94 

7.94 

7.94 

7.94 

7.94 

7.94 


4) Clearance from Supporting structure of another line 

(i) Low or Medium Voltage line 1.210 meters 

(ii) High Voltage 1.829 meters. 

(iii) Extra High Voltages lines 1.944 meters. 


5) The Transmission line corridor requirement for different voltage lines are as follows : 


Nfoltage Level (KV) 

Corridor Requirement 
(meters) 

Voltage Level (KV) 

Corridor Requrement 
(meters) 

66 

18 

220 

35 

110/100 

22 

500 HVDC 

52 

132 

27 

800 

85 


6) Tree Clearance : 


i. For E.H.VT Lines , all tall trees within 12.19 meters on either side. 

ii. All bush growth within 6,095 meters on either side to be completed cleared, Grafted fruit trees 
which will not grow tall may be left out. 

iii. All branches or leaves which are within 0.914 meters from the conductors, neutral and earth wires 
in case of L.T line should be cut. 
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(2Ljj| jqW z \ jjVI) J^all - lJJI 



: gl^l £l$jl 8.3 


(j-a ^5^ aav^ .Ga.lvanized Steel c__iL^al! <ja saIc. 4.JUAI a^ ^ n^*“ 

j (J)j\aM ^ U^iJ Ul*-* (JjlaAi IaU t l^jAjj jl A^lc. (J)^*A^ c . \J^JA AJL^la 

4 j^ JC. ^)J ^g-AuiJ >Ija ^Lg £jLg ^au (^AH £^}J) (jl Ia£ 4 Ajuj ^ HtOJ IAjAjoIA (JjUAI (jlS !a! 

.liSftj 


: Suspension Towers ^Ajq^\^\ 8 . 3.1 

. Cj>L^ajA]| (Ja^> JaiJI AAc. ^Ia^A ^ja % 80 &AA (J^jaijj 

(9-8 J&&) (J^AxAII jjjls . 4 _iA 3 ) Ajoi (^1 ^JL V ^ t-io^ (^as^aII 1 l^Qjlajj ^jj ^A]| 

Tj n^ -\ \1 (Jj^a ja laiLai j 1** v^ ^)j]| ^_ul^. ^Ac. ^jjlljjLuxLo AjoA] A3^3 ^Ac. L^jIjj ^3 Jiajaj 

. Sjjl> xAl Ail^ <> jAc. CjvL-a jaA <a11a£j (Ja^sja]| jj\jjja2 


(jxi^c. ^jAc« S^ j^all Ia^ (J^jlaM 4 laftj (J^ Ajc> (Jj^a ja (_)£l SA^Ij (Jji^C- ^AjuAjuj A^a^J £-^AI Ia& J)jjxTi <j^AJ^ 

.\jjj5j (J^Aju Sjjoic. (J^ Axj Ajoi ^)j ^a^jjoA Ujli AA^jouAI &Aa aIaoa! c > nVA j . A_AtAI 



Figure 8-9 6^ £ 
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jJl J jll 



Figure 8-10 


: Tension Towers 8.3.2 

. jj) AiiluJI jrl^Vl (3^ AlfijjoM 5)0' *aj AjSuI^I *\ni\l (j£^3 (JAuail ^l^)ji 4Aiiaj 

4 Ini?*i (_)£ ^jjdLaiLuj ^10 8 J£s) ^>JI 11 a Jjjaaj 

jJjUl Jl^L Ua^Jj-G 4.fl u.*u ^)JI U^L9 4_nj (Jj^ajJil jj£j L—Lia> fniTi 

* (JjUL ^-A 3 JJI £^}JI j)JJj 4_nj (Jj^a^JI^ 

J S^joiC. (J£ — jj'jM ^-Jl S^C- (J£ ^au gjl 11 a j-a ^)J jjJajJj 

JaS ^JLa. ^-JVI l£ Jc* Cj* ‘-^LJI lajoj cJllj — Jajujjldl 

Ja9 ("iWj t jJaJ £• Jl laaJI jluj-a Jc. J\JVI C_ijl£ 111 4iV t 4 j3 

JULj 6 ^-JVI ^J<Q> ( Jc- O -0 ^ k nj k * (Jj-aj-<^l jls (Jj^aj-JI ^9 
.^-vL-avll 4_illc- 4a1£jj jn< Cj9J 


^•|^jVI jl 6 4 jj1^j j laaJI 4 jIaj J JjoJI £■ Jl£ 4*i Jl jjJI (jji L-buia. ^JVI BJAxHa JjoJI ^-JIj 

. vHa ^jjjJjjoJI SUs jl jJjVl£ J*j^JI 4jjUI CjLaJajoiJI JJ-^ £■ Jl jl i ala^VI JjJj ^JC- 4_xi^JjaixJI 


; Transposition Towers j\ii\\ 8.3.3 

Jl (j^Loijj ^^£1 JaaJI (J^laj 4_ijLaiiA CjliLaixi Jc. cJjUl JjAjj j* Jj ^11 8 Jia) ^JVI &1&3 
JaaJI JJ=l> 3SN5J1 cjI)UU Capacitance Jl c^LoGj <J11£j 3551511 oljUl J Inductance 

cjI^UjjI^ £jJI ^UjI Jc. c_a 9 jjj Inductance and Capacitance Jl 3 -ojS jla jJUl Jj^JI J (jg^ L£a 
Jl jc. 4 ^jJI J 4ii^ Inductance 4J cJ*JI Phase Jl jl ^Jsu IIaj 4 o^j^M c> oX^JI 
^ !)llo Phase-A jj^? d ‘ JaaJI Jjla LS 1^ cjljlill Jj^jJ a^UJI cj^-L Ua j^j & ^^IaoJI Phase 

. J^VI UJI JajuoVI ^aJ 6 ^jUI dJJI ^ lajajjll jj£j ^aJ 4 4iLaiJI CJJ JcrVI 


(Jjjjoj ^glc. 6 jjljJI 4 _AaC- -4au 4 jj1^j jc- laall 4 jIaj CjljUl lijj < VI L-L^j 4il 4-laa.V^ 

L_u£jj ^aJJ f n-v^ l^jUc-Lja^ jl Cjlc.Ua9 4 jV 1 Jl laall I1 a joAJ ^JJ9 ^a£ 150 Ja laaJI jl£ J JUJI 
4 jIJI J (JaujVIj <-A^ainJI J JajujjVlj ^IJI J ^ Phase-R oj&j . iaall j-d ^£50 J£ 

^A J^UJI jli ^JJLj .tJll jc- (JJJI ^lj 111 ^a£ 150 Jl -4au Jc-VI I *^Vil _^A jj£j ^aJ j>»J 6 

. Ajui 5j9 >jjJlj 


















Figure 8-11 ciplfi ^ jj 


: JUJI 5 I*I ^ ±)La$l\ 8.4 

. (j>a 4 4jjUa]| (_)a1j ^»jAJ (Jsljll 4_j| dlia> (_)iii]| la^ ^^3 ^ (JjL-aj^ll 

^\ S-IaC-1 4jl1a-g (jj 4 4Jjlc- SJiLaJ Sikx ^ ^)JC- ^1 Ai^juo^a (_jiii!j Jajjli'V ^3 4 Cj>L-a^A]j^ 

l^lLuJj <«_3^)AJ 4 ^Lo1a]| 4 jjJ-Q 250 (j-° (jl-i^V 1 (^J^lXJ ^3 (Jj^aJ J3 CjlaLuUi l ^ jJaJU 

. " Span" J J 

tilvLoiVi <■. ^ m ^kJJj . % 99.5 (jC- (Jaj V SjIaj 4_2hjAj ( ^jii]| ^jjjj-cilV 1 ^1 (Jjjl-aall (j-a CjvL^aj^]| £_L^aJj 
^ic, C-J^joill (jV Jaia .^jUll cs - ^'' Xt1 t^lvLuo! U! 4 .}jU]| LS^ ^ (J^Axu]l LS^“ W 

.^gic.) ^joj S$a ^ ^jlJI 


(Jj^aj-all ^ Jjoi l (JiLual ^Jj IjjojIj 3^ iS^ 4jjj <■** \j*\j LojIj 4 1 *a>J IaIx-o (Jj^aj-all U3^5 

i (J^Vri l^ \x 4alIc. 4j^jjl^j><i 4 jIILq CjI j (Jj^aj^ll 1^_1 a ^ n^ij SJsL2l (jj£j ^jl l_l^j 4jli till31 j 4 
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(_jjail ; £jljll 

SaIaj (j^AJ C5^^5 4_Lj3 (Jj^aj-dl LS^ Aja]| 5^3 (jj£j ^_gA^. ( j ) J 1 4£j$-\ (jj£j (jl L_L^Aj c l^jlc> £Jij^]| 

. I'l's'i p-Laij! 4a1£j (JJill (jAJ 4iLaixJ! 



| CjjjljOC'l SAxJ ^jJaaA (Jaill Jaj ^3 (Jk-a^ aII SaIa ^)1aa^J (jli Lo^oC-j 

^jjj AiLouJl .1 
.CJvL^^aSI ^ AjjJI .2 
.V ^al ^LJl 4 ^aaj CjJJjAvU (j^ajsus JaaJI (jji (Ja .3 
.Ja^Jl S^Aall ^ Aaa 11 .4 
JaaJt C5 ic. Ag^l l ^ Jaj^Jl .5 
.JaiJI £J3 ja (_5^ 4a^Aaa]| (Ja|^*J|^ (jjailall .6 
. (Jj-ajAll *s 1 (Jx^ja]I ^JaflA 4 ^.Loa .V 


dA^.ju£> . A^VijuD (j A^AaIjUI^ . ;ja V^-a»X 8.4.1 

Conductivity :4 aLa>jj]| -1 

SjAa] 1 ( ^i A£fl]| (jcilEj 4 a]I c. 4_iL-a ja CjIa (Ja 2I Irv CjJL^ajA l^AA £_L-aJ ^a]| Sa1a]| (j(jl L-L^J 

, 4j^l l (Jii]| 4 aIac, (jj£j ^A^» (j^AJ 1 a (Jiil Ja^JI ^Ac. 

Mechanical Strength :4j<nKull AaIaaII -2 

SaIaj (J^aI IaK ( Jj j l ^1 4 a1aa]| 4ajoA Ca1£ IaI^ t Sa1a]| 4 IaVti aI^_^J ^ x^i^L 4 j^j"iI^jaII 4a1aa]| ^jaIaj 

.JaiJI c-LuaI 4flK" £^)2I Sjj^'v 


Modulus of Elasticity :4 ajja11 JaUa -3 

< o* j >> (_£AJj Iaa t->o^ll 4_^Ajuja ^y .afij (_£Ajj 4a1c> ^_Bi^]l AjaII aI^_^J ^jjjIj <-** Jj^a i^aII 4JUaJjuol 

4ajija]1 (JaIxa (J_^J (jl ^Ia^a 1a]j 4^UaAj|j (Jx^a^A]| 


Heat expansion coefficient: c^JpJl ^<^1 lUI*-* -4 

4_jJa yua (j^£j 4 ajJ^JI (Jail! Ja^la^. (j) <■** ^^ ^jAx_k-a (_£^J^. 4 Aaj (JaIxa Cj!4 BjIa ^ja (Jx-a ja]| 4 c. 1 u(JjJaflJ 
4_2kj^ (jA LAjJAJ CjIa^jJ (Ja SjJaJI 4»AwjJ ^ CjJa*a 1] 4_jJajC- ^^3 lAJ^a^] Jlaj 4 a^.1aa]1 CaJjaaI] 

(, ^JalAAll (jia*J ^3 j) J^l jl 50 ^-7^-4 Jj-aJ J3j 4 a^aa 4_2kjJ 40 (_5^ {j-* CaIa^jJ ^11 ^IaoII ^3 Aa^aII 

^3 ^ja LAjJAJ 1 ^ 1*AJ 4_2fcjA] AAaLuj (Jaill Jaa> tilvLuj) (jli Jj^a^Al] (_£^J)2dl AAajII (JaIxa (jl^ l^li 

Iaa ^IajoJI IAjAjoI LuiIa£jI (JAa£aLa l$i\ (Ja^ ^ c 1^ x>l * JJ I^joAvIa 4a]1aA^J AlAjJ (J^Vl (_5-^ ^jl L-iAi-a]l 

, ( xJaajj 4ixaAj (JjL-a^A]l ^3 AjoII AjJj 
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E 1 jjVI) <>121 - <>121 ^Ull 



Cost -5 

4_lj^£j| 4iUall (Jaj 4a1£j (Jx_a. J\ c c (Jj-aj-all S^La ^jlj'i'vl ^^9 SjjJ-all (J-a]jxJI ^aI 

. <j£aJ La (Jfll 


^LaJj ^kjJJ^alVi <jl Cua> ^A )aj]aa> Cj>Lx-aj-a 4-C. ln.ro ^9 VLaxHual S^Lalj^ 

4-iL^aj^a ^j-a %60 4_i]lc. 4_Ax-aj-a 4J ^^A^ ^jjjl^-lil (jV 4_1 aJ 3 ^ajL-a^j 

C_ll*j3l ^JJ 4jli ^j-a (J9I ^^± 1 ^a!>U 4-^jjl^xall 4jtla]| ^~Jl3 • <>21 Cjj^ 4_a^. 49Ljal 

.^121 ^^9 La^ 4fl\"l^ < a 


<jdl£All Jdd*JI b$k* J <W iSnnU Q^Ld^U fl$yl 8.5 


: (Stranded Conductors) 8.5.1 


(jj9 4iS^ftLa AjALa^Vl ciI>Laj| ( Jj^a 4L.la. ^jC> S^Lc* U_9^ (jAill Jajlaa, ^^9 *La,I^Jjuba]l Cj>L-a^a]| ^aJax a 

>a ^1 4jLJa ^1 ciI>Lajl (jjSj <jl 4 4_h.laJI L_il9 ^^9 ^ -la.1^ 


A fljln (_)^ ^9 tilvLoaVi (J.la» (j^SLj t (12-8 J£a) IJA (J^a. 4_ijc|J}la. AAjjlaJ 4 Jj,^ a\\ tilvLuaVl 

. JbjJI 4itla S^Ljl 4 AjLoJI 4i±Sa]l (JjlaJI elajV iftlla^a 



Figure 8-12 <^l(—i2L^j^ 


( xJa*La 4_24 .Loia ^jjaAi! ^Ac.1 CjIjIjj (J-aaJJ I^jV 421xJI 4xj2jj-o]| (JLaa.Vl ^3 ^ w"nn~ 4lj,W x>ll Cj>L-a^a]jj 

^ ^)jSI 4 jjuo1j t-^WtiiU 4_iajlaJl CjU2o]| ^ jLnll ^aj Clna. Skin effect Jl 4jj^ala. <- > <w>n t^Uij (Jj^aj-all 
LallJ 4^aj£j ^)l_n]| jj >a 4j^aj9 ^JajuoVl S^Lj £-43 6 ^JajoaVl ^Aau c > n^n 6 4lj.^.all Cj>Lx^aj-a]l 

. JL^.Ij ^Jauj lijJl] C_Laj^a-a]l (Jj^aj^all 
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jill <joiAiA ; £j| jll c_jU£]| 


4JU. ^ ^JaiLdl 4_^.Luja (jjafli] 


x-^aII (Jj^a jaII (Ja ^.^Ac-I Uj4^ L)^P (Jj.W a! 1 (Jj^a jaII (jli 

. AJUJI AjjjaHj jIAaj 4_j| JJ 4iLjaVb 6 jlnl! 



I A! jA^»a]| CJvLx^a ijaII jiiic AIIjA (j£jJ 

^a^^aI) Cj>UajAl] ^_2kjUJI ^ladl (Ja ^jjSI 4 J^ CJvU*ajAAi ^a*jUJI ^jlaftll (jl (JjVi • 

.4_^Ajuoa]| (JjoAJ IgA 

JUJI s^Lj] Ua A^Jajuj ^A z Electric Field _ll ^jjj^ ^Uadjl ^^z ^ • 

(j! A_n^. CjXjIUI divL^a ja <jc. nj,hll Ak Cj>LjI£H l_j1j ^ 4^jAj IaS (Ja jj£I 

.4_Jj]jgAI JajlaaJI (Ja jjSI Cj>ijl£j| lAa> I'S Aalj (JjSj (Jl> a\ 1 ^Uadjl ^^Z ^)jjtj 

: l^JA 4_JjjjgAI JajAakSI 4_A^AjalA]l 4 JJ,W a! 1 Cjvlj^a jaII (JA S^AxJA ^Ajjl AiLkj 

• Aluminum Conductor Steel Reinforced (ACSR), 

• All-Aluminum Conductor (AAC), 

• All-Aluminum Alloy Conductor (AAAC), 

• Aluminum Conductor Steel Supported (ACSS), 

• Aluminum Conductor Composite Core (ACCC), 

• Aluminum Conductor Composite Reinforced (ACCR), and 

(JA (jAaxJ jjA Iaj3j 


(^a.\\.!k\\ d±^j^^.A 8.5.2 

a^lLa2\ ajIAaH (jilj t cS%^ jaII u^J All Aluminum Conductor, AAC J 

(JS (Jjj 4JLjia]| (jj£j UAk JaAS IjjujIAa A \* Cj>Lx^a ja]I (Ja £-jJI lAgA 


!Va 8.5.3 


c> J&l J aJl Jb jz S;U^ L-Ja (> Aluminum Conductor Steel Reinforced ACSR Ji 

^aJJj tl3 — 8 ^ Aa ja US t ^jAjaIVI A1>LuJ (jA jj£) jl A AllaJ 4Jal a\) (JaUaII L_lL-all A1 >IjuA 

7 j 30 £-iaAA AlLuJI JUdl (Jjjja: ^Ac. . L_lix^a]| AI>LujIj AIvLujI ^Aau CjvL^a ja]I 6AA L-AJJJU 

SjjjS VI L_lL^a]| (Ja AIvLojI 7^ (jjpAlla^ Cjlfljla ^jJJja]) AILuj 30 (j-® (j 

.(jUc. Cj>LjIS 4S>A (Ja (JjAaJI IaS . ^jjiAjlVjj L_Ax^a]| AlXoii (Ja 4 flip's a c > umij 

. CjUj]Ij£1I C£>^' (JjoJjIaa AIlk ^-llalLj 
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ALL-ALUMINIUM CONDUCTORS 

BS 215 : Part 1 TABLE 1A 


AAC 


BRITISH SIZES 


Code Name 

Nominal 

Area 

No. / Nominal 
diameter of 
wires 

Approximate 

Overall 

Diameter 

Total Area 

Approximate 

Weight 

Nominal 

Breaking 

Load 

Nominal DC 
Resistance 
at 20°C 

Current 

Rating 

(*) 

mm 2 

No./mm 

mm 

mm 2 

kg/km 

KN 

ohm/km 

A 

Midge 

22 

7/2.06 

6.18 

23.33 

64 

3.99 

1.22700 

106 

Ant 

50 

7/3.10 

9.30 

52.83 

145 

8.28 

0.54190 

175 

Fly 

60 

7/3.40 

10.20 

63.55 

174 

9.90 

0.45050 

196 

Wasp 

100 

7/4.39 

13.17 

106.00 

290 

16.00 

0.27020 

268 

Hornet 

150 

19/3.25 

16.25 

157.60 

434 

25.70 

0.18250 

342 

Chafer 

200 

19/3.78 

18.90 

213.20 

587 

32.40 

0.13490 

412 

Cockroach 

250 

19/4.22 

21.10 

265.70 

731 

40.40 

0.10830 

471 

Butterfly 

300 

19/4.65 

23.25 

322.70 

888 

48.75 

0.08916 

530 

Centipede 

400 

37/3.78 

26.46 

415.20 

1145 

63.10 

0.06944 

616 



Aluminum outer strands 
2 layers, 30 conductors 


Steel core strands* 
7 conductors 


Figure 8-13 ACSR size 30/7 


(JJJ AiLoj-dl (jj£j W~*noj ^jju CJvLx^a ^Ac-I 4jtL<a Al CJvLx^a 

(j -0 cJ^i (J-qIx-gj 4_j(J-olx-Oi 4 Jj 4 jjjoJI 4_j 4 Jj S^jj^ 
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<jj ; j^jl jll '—jUSJI 

^nstjj (j-ajlAaaJI 6A& ^Vlll (j^AJ^ ^ajJJA^Vi (JA 4 j^YA^Ja 3I 4_j^ajU^a^» (jli til].11j ^ajJJA^Vl 

. (Jj.W a 31 L-il^all ^1 4_jjaij 

lAlVljUJ Lli^juO ^.A 8.5.4 

(> Ujip. 4 jsJUa 4-^Uio 4 £lloj fjp. SjUc. All Aluminum Alloy Conductor , AAAC : ^31 (Aaj 
4jljA 4 ] (jl l~ n^V AAC 6 ACSR (jC- t/TN 4 J (Jj^3Ja]| lAAj 6 ^a JJ.uU*.a 3]^ ^aJJJA^'V1 

Ak jlnl! Ja^. Sji9 SiLj jl JaaJ) ^Laj! 4ji1£j JjIsj JblLj <jjj 4iLaA3l S^Lj ^jjj ciUAj 1a*. 4_AIc. 

<- > \ u ^itliljj (Jsl 4 _ajULa 4J (Jj^ajAll IA &3 . JaaJI £.lil ^jjjaiaAj bt*-9 Si^a^A]! ^_gAc> 4 aI AAjja! 

. 4jjA*JI lajlaa 31 ^9 CJvLx-a ^a3I ^ja ^^31 lift ^Ia*AjuA j & <j A13a3j 6 JaaAl ^Ac. 5 ;Aa3I ^9 (J 9 ) A£9 

py^_&y\ dJzxs oi.; . .ix j, 8.5.5 

2 -* ACSR -3 UUj I^jLIo Aluminum Conductor Alloy Reinforced ACAR : jjA*j 

k A ^j^ajl,j^a,2a. ^JaxJ <A13 ajj ajJJa^ 3VI 4Chn ^ja A3vLujIj L_llj^a3) ti3>Luol ^ja (Jj)^a3) L_i!a3! |JI A-lLuA 

(_£^a3I ^UAjiVl CJvLx^a ja (_j-ajL-aAj CjvL-a ja 



A t ^A\ t ysb\ ^^AlA <X.^.±±jo4 8.5.6 


cg^ cjj^ ACSR A 4jLaa Aluminum Alloy Conductor Steel Reinforced AACSR j &*j 

£-^31 IA &3 6 ^aj)A a^ 3V1 4^jujj ^ja (i3>Lajlj ^J)J *1 ^ j!^i\ <i3>ljuA (Jy~u h~ (JjSL3j L_Aj^a3l (AJvLujI (^ja (j^^A L—lls ^Ac« 
6 A& (Jja (jj£j L<aAk CJvLx-a ja3I ^ja ^jj3l lAA ^aA*AjuiJ til3A3j 4_iL-a^ a3I l_iLoi*. ^Ac. 4_Alc« 4-^jjl^JA 4 _jIja 4J 

.^gjJajVI (i3>Laj| ^ LxA3j >.o~NJ 4 j^Aja ^j-ajL-aaAl 


y^\ ^\^\o\ 8.5.7 

-iij ( Moose or Zebra cS%^ayij jiajL^ 1 (jjj (^j-^) ^^Ic. lij«La oj^j sjIc. 

(Ja*J ^•lAaAjoj ^i3a3Lj t ^jAajjti3l CjvLx-a ja Panther ^3^3^ (j -0 cAvL-a ja 1a^ ^ja^Ij^ 2 (J^aj 

Aj^yCa^]! (JaC- ^j£aJj. ^ajvUI (Jj)3^\3 (Jj^a^l] til3Aj t 14 8 (J^joAI ^^9 1a^ Cj>CajA3l (jjj Cj>Caj 

^DJJC. j ^aLaAll (Jja (_£^>^A 
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Figure 8-14 -Ujll j 


^ <>l| ACCESSORIES 8.6 

CjUavlS (JU 6 CJvLx^a(j'gTl CjIa^Lq U^Tl ^jS^oj ^Ull ^)A-aU*JI Uajl lilliA 

oX-ajaII <j^ (spacers) J! ^UiS l$i*j 4 Dampers cjI)Ij3aVI Ljaji l$i*j 4 

.Bundles Conductors lU^ ^ 


. CjUUaII 6.U i^jC- (J u^ilo *\W (J>k9\ UiSj 


Ll^juO '* ^ 8.6.1 

15-8 ^ US jli JS1 <*_jj! jl 4 j>Ij jl c jSaj 4 Bundle Conductors lU^ ^ 

. C_l>Ua^A]| AHjIj AiUui ^jUjJal C_l>Ua^<dl fiU (jJJ ^Uj ( xUa]\jj 4 



J J J 

Figure 8-15 Bundle conductors 
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j£ll ; £j| jll 


U $) ^£11 s^Uaj (j^aLaJI £-?*b *16-8 (J^joiII ^ Lo£ Spacer -SI ^.^Vunjj 

.pfl t^TOXul I jlA 



Figure 8-16 Spacer 


Dampers c^SjS^u&SS ^VjL 8 . 6.2 

a 1 ^ I jilj t (Jjl^atlS j Saa.IS (J^Lolq ^3 CjS^II L-lix ajJJ JiB CjIj]jj&I c^SIjA Cjj )^ u0 BJjJjoiSI ^Ij^SI 4_^nj 
17-8 ^ Stockbridge dampers U> ( JU1I ji^aJI ^ Ui^V) s^j> <jj£j Ja^la^J! 



Figure 8-17 Dampers 


1 1 (Jjl£ Jl 6 (JU-ajVI ^JaAJ (j-a (JaHj CjI)IjjAVI (jl 18 8 (J^jaiSi ^ La£ (J-a*-II S^)£Sj 

1 ** n^j A aaks-ia 4_j£j-aSI (Jj£SI (J^laj t 12 ^3j ( 4j v^ar a j)\ 4_gLa^)a» (Jj£ USlc- j (JUjjI 4_ilc. 

. (Jjj (J£ 4jl^j j 4j!aj ^ 4_u£jj ^jj j . ^JS CjIj]jj&VI 4^Ua ^ 
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Figure 8-18 Damper in detailed 


Jk ^ y*j spiral vibration damper ^Uaj 

. \jla .19“ 8 J<~Ai ^3 L£ CIiijuqII (^ja 4 g ^ ^3 (J^. 4 jjujjjuJI 



Figure 8-19 Spiral Damper 


dAj.i\Aa\\ elAj.^ 8.6.3 

(Jj^a j-a ( ^Ac« UU^J 6 20-8 L<^ CjIj^ (Jaj 2a j Its (_>^*4 ^-3 Jsl^vIj <^11*J 

UluiV CjjjUa-d! 4 jjj 3 C_ljl^ 131 4JLlaX<dlj SjLdl CjjjjUall ^)JJl^J CjIj£ 1! a3& ^pajjdij 4 

4jjai^jui IjvL^. £jJaj ^Jj &3 a ^aJ . 4uJaA~LLa Cjlc-lfljjl ^Ac. ^j.jlaJ Jl3 ^lill ^L^jAa^AI CjjjjUa 

.^uj 60 s£ll jlaS jijjj JjUL Flashing lU*j du^j LEDs u*U3£j ^;UJ) ^ 
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Figure 8-20 Warning Ball and Flash 


4jj& 4 A h* 1 A CjLuIxJ L-Lal^. ,>>\1 SjUV 1 Sj^-2sJ (j>& ^pl Wj) ^ Lo£ 

. J)l^p Aalc. lj4-a 50 .iijj ^}i iS^ U^ 1 fM 
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212 


(■Lul j$JI (_)■ '■>«'! — ^liUI <—jIj]I 
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Insulators 


^ i 4_1jJ)Jla y±t~ CJvLx^a ja ^A (Jjjlfillj ^ ^ 11 CjI^AjoJI ^ A^huJI Cj>L^a i^aSI ^ja^v ^ jJlxa 

(jc- CJvLx^a jaSI 6 jlA (J^ c > ia>J ^IaaSI ^9 6 Cj>LA£J1j AjjULq ^ oK"\i ^j>>lo-v \\ ^9 ^joJI ^A 13 a 

.(Jj|jjlSI (JjojvLoj (J>L^ ^ja (jc- c t _9 t (_£9 A*aa ^jC> I^jjm 1 ^ ^ <^1S3j 

filial * Disc Insulators (jtiSal s^c. <ja JU! Jajl^^v ^ uj^ j 

(Ja^J (_£)ljd]l LS^ jj^ 11 ^ 111 (JIa*JjojI ^j^AJ jjj^I^I aS! (Ja^JI QjfL LaAk^j . W‘n^\l A^JI ( t 1ui\ ^UjaiLaiSI 

. (Jj^a jaSI 

^x>j)^~> a (Jjia ^luSLj 6 Discs -SI (jl^ IaI^ Ullc- ^VhhaII 0^ ^a!^ 

. ^ ^ j 4-Jjl*JI SjL^S <^1S3 ^jJjjoj j-ilaSLj^ <^U3 cs^ ^)^*j 1 — 9 


Table 9-1 ■ V > // < -, JjljxJI JjLdaJ JJc^ 


Line Voltage (kV) 

Number of Insulators per Siring 

69 

4—6 

115 

7-9 

138 

8-10 

230 

12 

345 

IS 

500 

24 

765 

30-35 


Iaa I^aAI (Ja l_sIjjujI SA*J CjI^JjoiSI AjjujLujVi l—AatjJaSI 4 _SaAj (Jjaj (JjI^jlSI g^A ^5 

(JaC- C > I'SJ I 3 S 6 £1)^ pmy (J>L^ ^jiajVl ^1 CjvL^a jaSI ^ja ^)LnS! CJjjouS vL^joj ]jLaa 1 ^ x h ^ja (J* 'Sj 

4_LaAjaiS 4_j j^aSI £_ljjJ ^aUajjl ^C. 4_1 ^joia ^Jj 4iLjal 6-^J 4 j j 4iUaj 4_j\jj^a 

.(Jj^aflSI 13 a UL^V Iajjc-j ^KAaI! &3a^ . (J3*J1 













(<jj! cijKntill (Jjljc.) £joiU]| l-jUII 


: Jjl$*JI <UaJs£ 9.1 


! IaA (jIjJjujIjujI (jtifljllaJ (JjIjaI] 

^|^jVi j ^£1! CJvLx-a4 _ij^£]| J>JI (jjLalj ^^Aj I 4jj^£ AjLiIoj — 1 

c i^j (JjjlI] 4 _a 11*JI s^li£ll I^oaI CjLojuj Sac- (Jjl*JI ^b Cj^bjj lil Vi ^jj ^ Iaaj .l^J 4_L&l^JI 

4iljJaVlj Ja^Ji ^JjjuuoJ ^ ^ Ljajjj 4 Cj^ijli j ^)Ua-oVi 4_i^ 4 j^JI C—Sj^lali IjjujI 

.CjU^U j J l ^>o\1 CjULoC. 4_2oll]i 


c_aj^}ja]| ^ jx>~v ^ 4 _ij^£]| ^i^Vi ^i SAaC-VI ^-ic- iutf£ll CjvL-sai**n fn ^A^ * 4j£nl£j<a 4$\l-i j — 2 

.AjoJI S^B j (Jj^aj^li ( Jj9 (J!Lq l^jic. 5 jjJ^]| 4j<nKj^ (_£^li t flip's(J^Vri l"4 4 aB jlxJI 4 j^JI 


4 ^A^Jjuball ^}^]| (j-G i^» > L ^ ^ 6 A ^ yj) ji LS^“ (Jjl^xll ^5^ lJjBjAJ 

* cJLiIajax^sj 1 ^ 


: u a > a nil! JUf u^a Jjl$*JI 9.2 


* CjlxUxu-aJ 5 Ac. 4_La JL2 v^jj 


) V^Q. jUli* \ ^ Aa£ V\^\ \ 


A*^A 9.2.1 


Porcelain Insulator (Disc) 


jxaij j .^U)li J u^j>Ji c> (2 jl ~9 J£2i) Iaa (j-i-ajj t Cap &Pin type insulator 

4 ^JjalLaJI ^JA lJjIIj (J^lla (_^i (JIAJlIuJ 4_ljl£xilj C_)Vjl*JI ^JA i^A 

A^JI 4j2jIb j 4 lixtijA^i (2 >q le-Aj JJ)^>ji 4il£l ^-L^aJ 4jli c£]a£ 

^)Lojaixi (Jjj^ajjj Isl-o 4fl\** l l'S.all ^UlaVi L_u£jj ^aJJj . C_9 t£ 500 
(jj£jj >^£Aj ^1“9 l&«) (JjVtj L-lAili ^i JjjJl) ^jljli 

.UJjlkJI JjialL ^oUi 




Figure 9-1 Cap and Pin 
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Insulating glass 
or porcelain 


(^VjuiW 9.2.2 

^ 4jVL*iJ J£\j < (3-9 (J&ty JalkJ) J c> Long rod type insulator 

. cjUa^-xi ^j cjV^-aII Bushings -SI 



Figure 9-3 Long Rod Insulator 


33 4 (4-9 JLs) (Jjlc- l 5^ Pin type ciillj UjaS Jajujjj-dl a^JI 

4_Usia]|^ . jj£I 4 \lnx\ (J^joi A_i^joui (Jydl Cy* SA^Ij AjlI a3 ^c) L<^ C_llj3 

. Sjj j^all ^9 ( ^Ac.VI A_^-aJI 4 j>Ij ^1 (jjdilaxi (J-gjUjuaj aAsuj c_9 til 1 1 A^. (J-ojUjojj SA^J^ll 

Lja^Sj-o (Jjl^aJI lAA (JIa*JjujI . j)\ la1 £.UjI (J^aJI UJ 1 1 ^ jJaxJ SAc^IjlLq Cj>1 1a^\1 

. Ajjxj-^a] 4_ill*JI A_^J) 




















Figure 9-4 Pin Type Insulator 



4jaLa 

(jl >tx9 JjjL^aA-o (Ja (jJaxJ) (JjLojJJ AS 
cJliAj ^aJtJ ^llallj ? CAvlia^JI AJjj I A^J 

^JajuJI ^Aj i lAA & \j j ^Ia a_9AA 

A^Jl 4_ijLailxi Ja^la^JI AJvliaxJ 

cjX^aII isi>4^ Jl^ll Equi-Potential lines 

6AA (jjj ^)l_n]| AJjjaiJ ^-Lcj (Jaj ^aJ J ^5 — 9 

(JjIslSI JLa Ja^V . a^JI 4_jjLaiL<i JaliiJI 

. JU^J) £jjjj Jai^)a^> (J^joi AaujJ 


:g j nil ojU Jyl$*JI ^auMdy 9.3 


: Porcelainit^jiL-^jy ^)\y^ 9-3.1 

IJLk j SAi^. Sjj j^aJ UJU_* j Uj ^ Lujl x\ IJI 4ju2jj-g 4_Jjlsu ( xj-ojj j c_a^iJI A-ixuoij ^_£All 4-x.tiflj ^Aj 

. Cjjiu^a 1 ^ ^ CjIc-IaS j! LAjI^joi CjLoLmxi 

SAjoi (Jj^aJj ( SjLqj 4-^jjjojvLJI S^Lo Jal^Aj ^jaL *J^\ CjI^Jauj £_L-aJj 

J) Compressive Strength 4l<^ Uiu 60kV/cm Jl uj^ 

.500 Kg / cm 2 J) Tensile Strength aAI <_g^al J-^jj t 5,000 Kg / cm 2 

.A$AI Long rod Type j Cap &Pin Type ujAj^JI <>» 
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j£]l AjulAiA ; £j| j]| 


Glasses^-j^W^W 9 . 3.2 

j >>> s^a .140 kWcm Jj (Jj-iaj Ullc' aJ^c. l>° (6—9 

JaiuJall (_£^a] ALi^J (J i aj| ^j_i!juoj^]I l^-L a^jj <A 11 j (J^Lujj (JiiVI ^Ac- 3 I ^ja ^)j£l A_ 2 ^jAj AjAi 5^3 

C 5 I] Tensile Strength ajJ) c^a! aA^ Lmj < 10,000 Kg / cm 2 J! Compressive Strength 

^ cJ>la |3 Aj| (500 Kg / cm 2 



Figure 9-6 Jj'j^ 


tilAjal A*J 3 S.^J'SxAl (jjaAlj A \*\AA £3Jjo 1 3I A^jIc. CjIc»Ia 3 3 1 L_lj|^jal (^\ A_jJj Lui C_aUjal AjL jtlAJj 

6^Aaj (J-aljLxi j! AiU-iaVtj t ^jixuuAI AjljoiV AjJajjtHj 3 Si mj V 3 6 Ajj|^JI CjIc- 1*joi>U AjjouHj 

.(Ja) A_^jJ jjju A X fn AJ ^jJI (J»>J IAa 3 cJfpAI (j-o (Ja) 


(J^jouS j >■ Ajli A_ilc» S^L^l^AI Ajf£Ajl£ld CjLaAx^al 0 uajJtJ IAI AjI ^9 A-iL&c. S^J-o aJ 3 

^3 JnA9 (Jjlc. (ffifn LoJJJ . (sj-lAj ^jjuo ^A Afl» > aJoAj i~ (_)aAI In'S ^3 (Jlax]1 < aLujj^I 

Cap & cJjl^ U -0 ^-lajoj 3-a A_i]| ^laAlj AiLujj^l (._ lx x^aJ ^AtAh 3 A_£jLouAI CjVl^Ai 

.JaA 3 pin 

(JjAallxAl ^ A^hVunl A-gl^al IAa J c A^Jojoj ^Ac» A_j^la^)]l l-AjI£j aJ^juj ^9 ^ c > m 11 3 -A^j _9 

. A-ila^l! 


rubber :2u_\o\AA\ 9.3.3 

AjjULa t^jjj AaSj (JjIjjlSI 6 ^A jjAn j Ij Jalia-AI ^ (_^Aa 1I c^lj^nuyLAl 6 ^A £-L^aJ 

6 ^A Jjb Iaa (Jjl*JI (> _ 5 Ac. Cj jij]| (Jj^aljallj ^L<A] V AajIs A_Ajlsu IAa jtiAJj . 

^ji jlnll ^^ l) k ^^ tilljA (j_ 9 ^ V (j >»3 (7-9 J 3 ^j 1 I Cj 3 -AIIj (Jj| 3 *JI 

. ((JjIslSI ^Jajoa (J>L^ ^JA L_JJjujJJ 
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(<jj! cijKntill (Jjljc.) £joiU]| l-jUII 

jlloJ (Jjlc« uj_9 L>° (30 ^1 (_£)^VI (Jjl_£*Alj 4_jjULa 4 jjg As^) J)tLoJ 

. qa 4_c-ju^dl 4_i^Aax^l (JjIjjlSI L>° ^gAcA C_J!j V l&jtxjudl (Jl VI . £;I>>V' ^^Ac. 4_±j£jj 

.Jaia Long rod 4_i* 



Figure 9-7 Adada* Jjl jc. 


(._9. id 380 ^ ^ 4 jJjjljoJIj ^ Uiiw^\l AaLIaIIj 4_dj^AI Ja^la^AI wV ^A_u-a£j (JIxqj e/>aJI IAa 

(Jjj^aAjj J^i^VI d-^C-V >^0 s-UaC^V 4jt^^djj (jjaL^I [9011 t 9009] (jilla^dl 

l JajAaidl W1 ^Ac. 

457 (jiila^xJI (jjj LlLU ^-J^VI — 1 

^ 193 (jjlla^xJI (JJJ ^I^AI Ja^JI jLaixi (Jjla — 2 

4c.^j—k^a-a [9009 - 9011 ] Ja^JI (J^Sa (jJJjjl-dl (Jjl^aA! <J—ujV -uJ ~3 

.luuji SEDIVER 4 ^)joi 4^11^3 Toughened Glass Discs 
ja ^ JS-ddl Id* jV Aero-Dynamic Profile ^Ja-JI L g^dl ^ <jldat -4 

- AfllVidl 4 jjj (J£Lg AiLaJI 4jj|^au^all 4Ajd] 4 -aj>Lq jj£VI 

4_k^aLaJI jlauVA AAjIaa 4_i juajjaII SEDIVER 4^_Ji 4x-ll_x-a 4_iaAax^l (Jjj^xAl J^ldaV djuVI _ 5 

4j£dl£xdt ^j-a[^aJI jxt'v id!A£j Ajjlddl NGK Adj_Ji 4x*lj_x-a ^jd_uoj^dl qa (Jjl^xAl (jjldaLl 

. A \ 4 au 4_uIj^£1I_9 

■ ^ ^ .lJ.laJ! ^I^AI JaaJI (J^Ja ^jAc. ^I^VI ^ c 3^a 26 (j- 0 ^JaAa^JI (Jjl*AI ^ *d 10,3 — 6 

.[A-*x^dl 9011 6 9009( - >aLj > )JI ] CjUa^-xAl (JJJ 4aJjJ (^ill 380 

(JAJ 4aJjJ C_9.cil380 ^4^ ^[^il Aa^jl ^)?3I LS^ 0 Uj!^^ cJ— 1 ^^ Uj^ (JA-dL —7 

NGK 4^j_Ji 4^-lj_k-a filial (^ja [^aJ_k^adl 9010 ^ 4» x>\I 9011 ] (jjilla^-dl 

.4^Lldl 
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jail LuAiA ; £jl j!l L_Aj£!l 


:JjI$*JI U1 JajsJmk Ufjj I JUm^SI 9.4 


lAx^a 4_2k_uj C-U3t 1] 4_^_nj ^ai ((3^15 k «^!l^ (JL 4 j^J! (J-al^xl! l^jJajxJ 4_2Ujj c*l!Aj I (Jjl^xJ! ^)joj^ 1 

. (Jj!^*J! 4_LalLaJ 4_3 ^a!I 4j *Q* a!I ^Joa!! 3^-^ _9 


; 4 jM) ^ -v rr< 3 ji : Breakdown 4 J 3 LII jL^jl _ 2 

(JjoJvLoJ ( ^Ac- CjIaL-A x.oaII 3 -0 3^ ^ 3 ?“^ (J-o!j*A! (j-G Cl)jij 4 >jVl . 1 

^^cJ! . . . t 6 C_UajoiVL ) 

.^cJI Switching <--\ u ^ t 4 _LAjL!! 3 ^^x«a!L 4j^aJ! <-_\ u ^ 4_ALJ! ^ l^jJa^xj .2 

Leakage Current X i>^ cjIjL .3 


^jVjA\ aW\ 3* <Jii^\i\\ 9 . 4.1 


jLLixVl -333.3 ^"'~3 a AjjLJI 5)i)ini\l -333 3i A^Sn 3 3 ^>LqV 1 4_i]lc. 4 imi ^^Ic. 

^)Lui ^cJJJ dlia> (JjxJ! (JjjluxA 4 _aj 3 ^3 Ua i^jA LjJjuaa ^AtilLij >L-a ^a ]jLaa LolIa (JjLS! ^Jajua ^Ac. ^lL!I L_JjAj 

La ^\x I (JjlxJI ^a ^LoiaII IAa 33^3 6 (JjLil *LjIaa 3^ cJ^I 4 _ajIaa ^A ajJj^ I (JvL* ^jl_g!l j 33^ 

IAaj (JjlxJI 4 _LaAjaj ^Ac. Flashover vwj iii!A! 4 >jVi j t (Ja*A! *LjUL (Ja^s 4 _^jU!I 4 _ajIaaI! 4 jK 1 I 4 _aja!I (JIaj 
. 4jli^!! 534^.1 4 loxtii^j 4_^-liJI 3-° ^JJ^3 (JjLAI ^Jajoj ^jAc. ^jj-uo 3 jj,A^ \Htnj 


Flashover ti43^ 9 . 4.2 

l^AiLoj) (jiajVi lJLuJ! l—lLaII LI ^jI^JI Ja^JI 4J l_l^j^AI l_lLa]I c <. aA^^j 3 Lj ^JjxAl 4 AjoAjuj 
. CjVjlxJI 4 AjoAjuj ^A 1 a £jjj (JjlxJI Jajuj^ll ^ I ^)2I ^nd'SJ (Jj^alxAl (JjlxJI ^)Lqjou> 

aJU ^UjIojIj Flashover cjjjlLI (JL-o ^I c^IUa 33^ 3 ^ ^1 ^I 33*^ Ltl ^jja^ll ^as 

JaaJI qa 150 %(> jjSL JaaJt ^ Over-VOltageS tiljXx ^ j -Laa S4x[j 

^ v ^j 31 JS S-^LAI j l_i2^a!I 3jL°H 3_ij <3jxAI 4 _xus (Jaj <. a jjuob AAjoAjoAI ^ tim ^Ac. CjIj^LJI j3^3 LI 

4^jIL CijL jS L^ JjLSI AAjoAjuj ^UA a^cj . Flashover—!! cj^j l^ia Jj*JI 4-<uaJ jU^jl 
4 jL^JI J^-%^3 Short circuit '^3 ^LjL!I <JI 3^ jtull 

- LaJI (JAaju <- > \ u La aAJ)C.j 4 M111"^ 











(<jj! djKutill (Jjljc.) £joiU]| l-jUII 

4 _l$S ^JU axj 4j^1jlSI 4 'iflj)^j (_)j (JjUll c > nun V LSU Flash over -11 

. (JjUll 4 -L.Aoi ^ iutn i~ n^j 1.1a* 4_k* 4_ajLll 


s^aik>i cjliLti^ tilUAj iLjIa cjjjLti* t Flashover l^Uc. cj^j cAaUuJl jgkj 8-9 JSillj 
jLnL IgjU L-A^jj u^l 4il.t.t uJ 1 (3^ UU 3 I Ja^V . 1 .^Saj A+B+C ^1 D+B+C (JU Li'S. VI 

. JU1 zj*l\ ^ ^j^\j ^a US Clearance Distance s ^v^ l 4iUuJl Creepage distance 



Figure 9-8 


. ? Creepage Distance __\\ ^ U 9.4.3 


^jxit s-i\ ^ ^HoA-a-dl lU ^laJjoiJj ^ cJ1^3^^ 4^Ltoixi ^Isuj (ij^hll^ (Jj*Jl ^9 ^4 ^Haj^a-a ^A 

3 L (JjUll ^Jajoi (J>U* (JjjLU ^Luuj ^jA-aSl 4jl ^Ac* 4 j2jjjlj t d ott^tl Cj^bll 4-jjaij ^Ac* UU 

^J^S ^)l_A^jl L_iJjuaJ^ ASLojJ ^jl jlnll ^j£Lj ^ ^ (JjUll ^Jojoi ^Ac- (j^Sj U' c ? 4AS ^)UU1^ ^j±Ax*ay& L>o , i 

(jjilaAj (jjj 4_il*i 4iUi* jjt^aal l^j i^Ujj Clearance Distance -Jl> ^-aj *j U^ < dikj iiUuJI £>Aa yAall <j 6 
^UUl 3 Sjju x9-9 (JSjuAI US l^jjj arc Cj^ia* ^-Lqj 4_Lal 4iUui 33^1 33 1 *■ 

. ^3^LoiSI US (JjUll ^Ltti ^^Ac. (J-olSSL 


Alir C\m ranee 


ConduclrviQ 

fiyrraco 


c 

2 

co 

Q 

tu 

CT5 

□l 

5 


conaucnve 
S jr^ica 


Non-condudlvQ Surface 


Figure 9-9 <— 
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jill <joiAiA ; £j| c_jU£]| 





L \ . 1\“K. I 0 


^11 4iLoui ^ v w"\ 4_ijLa]'^n (^ja 2 — 9 (Jj ^ ^ 


Table 9-2 L ->j2il! jj ^ nu*\ i jJI 4JLuu> 



Minimum creepage distances 


Printed wiring material 






Pollution degree 





Voltage 

r.m.s. 

1 

2 

1 


2 



3 


All 

material 

All 

material 

All 

material 

Material 

group 

Material 

group 

Material 

group 

Material 

group 

Material 

group 

Material 

group 


groups 

groups 
except lllb 

groups 

1 

II 

III 

1 

II 

III 2 * 

V 

mm 

mm 

mm 

mm 

mm 

mm 

mm 

mm 

mm 

25 

0,025 

0,040 

0,125 

0,500 

0,500 

0,500 

1,250 

1,250 

1,250 

32 

0,025 

0,040 

0,14 

0,53 

0,53 

0,53 

1,30 

1,30 

1,30 

40 

0,025 

0,040 

0,16 

0,56 

0,80 

1,10 

1,40 

1,60 

1,80 

50 

0,025 

0,040 

0,18 

0,60 

0,85 

1,20 

1,50 

1,70 

1,90 

63 

0,040 

0,063 

0,20 

0,63 

0,90 

1,25 

1,60 

1,80 

2,00 

80 

0,063 

0,100 

0,22 

0,67 

0,95 

1,30 

1,70 

1,90 

2,10 

100 

0,100 

0,160 

0,25 

0,71 

1,00 

1,40 

1,80 

2,00 

2,20 

125 

0,160 

0,250 

0,28 

0,75 

1,05 

1,50 

1,90 

2,10 

2,40 

160 

0,250 

0,400 

0,32 

0,80 

1,10 

1,60 

2,00 

2,20 

2,50 

200 

0,400 

0,630 

0,42 

1,00 

1,40 

2,00 

2,50 

2,80 

3,20 

250 

0,560 

1,000 

0,56 

1,25 

1,80 

2,50 

3,20 

3,60 

4,00 

320 

0,75 

1,60 

0,75 

1,60 

2,20 

3,20 

4,00 

4,50 

5,00 

400 

1,0 

2,0 

1.0 

2,0 

2,8 

4,0 

5,0 

5,6 

6,3 

500 

1,3 

2,5 

1,3 

2,5 

3,6 

5,0 

6,3 

7,1 

8,0 

630 

1,8 

3,2 

1,8 

3,2 

4,5 

6,3 

8,0 

9,0 

10,0 

800 

2,4 

4,0 

2,4 

4,0 

5,6 

8,0 

10,0 

11,0 

12,5 

1000 

3,2 

5,0 

3,2 

5,0 

7,1 

10,0 

12,5 

14,0 

16,0 


1} This voltage is 

- for functional insulation, the working voltage, 

- for basic and supplementary insulation of the circuit energized directly from the supply mains (see 4.3.2.2.1), the 
voltage rationalized through Table F.3a or Table F.3b, based on the rated voltage of the equipment, or the rated 
insulation voltage, 

- for basic and supplementary insulation of systems, equipment and internal circuits not energized directly from the 
mains (see 4.3.2.2.2), the highest r.m.s. voltage which can occur in the system, equipment or internal circuit when 
supplied at rated voltage and under the most onerous combination of conditions of operation within equipment 
rating. 

25 Material group lllb is no not recommended for application in pollution degree 3 above 630 V. 
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(<jj! djKutill (Jjljc.) £joiU]I l-jUII 


l k i \>s l*1 9.4.4 

6 4.3^3 jLnl! L_JjjoiJj (Jjl*J! .1^.1 CjIj^JlIsljj 

Cy*3 C5^ L-bai^. SjLftll <■ o\~yj .(JjIjjlSI 4 jj jp 4iUoj 3-^ 

C djlVi" Cjj^jUall W~*n oj ^Ix^aS (3jia]l Cjj^laJ ^aJ — l^ic. ^.1 I ^Jj^aS Jxj — s-LolLi ^ ^ ^ C ojl^nt 


(jUjjllj C_LJJ^ S^J^* L5^ 6 Cjjjjll V 4~nWll (J^}la]| J 

(. fl'l^Tl ^ull 6 Lia]| S^Ij ^C-Lou] l^J (JjI^jjlSI ^aJj ^QjuAI 4_Jjujj 5.3 La IjjxOyuAa (JjIjjlSI ( ^Ac« ^a£ljJJ jnxtW 

lLj>Ij S^lxAl 6 A^J ^jI&aI! ^aJJ J . jUl! j $ >AJ ^XUJJJ V 9 1* Llfl" A C_JJjoi1a]| jLili] ^LalxAl ^ U^lJ I^J J l^jlc. 

^.I^JOJ (Jjj^aJI JjalC. I^j3 ^aJJ (J^l I^I^JjojI (jl .33 J Cjl^jjaJ 

.10-9 L^J> ^ L£ c^UJL jl £Aj\±Jl 





L_fl 


e j 


Figure 9-10 


222 














t Over Voltage l^Jajuj ^1 ^ k^jxi 4jj|^JI Ja^laaJI 3 ^ 4jjojLoiVI 4 1^A2I 

(JjlxJI jl^JJ 3* L5 i^J (Jj 4 LlJAa. (J^dl c3^a Jjai£jj j! S^gjjJalL (JjJ) (JjbJI Jjo£] 4-Jl*JI 'sll ai&j 

S^Ua j)\ JaiJI .^'V 2jj.laJ l_jLijujI <2L&j . ( _J tub'll 2i (Jjjtil (3^ 3’ Jj^ ^3^ 4_^Jajuj 

icjIjjujVI 3 ^ • 4-21^11 Ja^la^J! Over Voltage _SI 

JaaJL 3^ 4£C>L^a al^laA^al 1 

CB Switching J^i3 cjj^ -2 

CjIa^aII (Jjj^ajJ 3 

Ferro Resonance Ua JLlLj Open Circuit djj^ -4 

Ferranti Effect s^lk -5 
Arcing Ground LS ^j y J\ u^ll s^Ui -6 
Short Circuit 2 jj^ ^1\ ^UjjI Ua -7 

Lai 6 ^ £_ujL1I 2*-^°^ ^LilL ^jjj^LaJI l_jL]I ^9 LliA^aij > L^jjuo , W~nti JjV 1 AjijjV 1 

l^LUjjV lilJjj ( TL Parameters ) ^iUJI ^ jSJ <_iUI li* ^ 5ya»Vl a£IjJ1 jaI^JI 

. (_)ii2l Ja jL-v CjLj£oJ Ll£ 


(^j\^. a\\ a\juAjui b^l\j.\\ 9.5.1 

JaaJI ^Ac* Surge 21 ^)JjojJ 3 ^J 4 jjI^JI JajL^ll CJvL-^aJlaJ vlLa 3 > )4^ L ♦ 3 k ^j >2 
£J 2 Jjl IAl^ 4 \ 1 9 (_)^3l ^9 L£ Rod Gap LoJ (3jJ>L 3I Jj)3A ^^3 ^ 4AjuiLuj (3 d ( 3 ^j^U 
(Jjjdl 4 _L 2 juj jjjj-21 3 ° GapJI )9 >21 3 ^ ^P" ^1 4 i 9 ^j 4 £C-L-a c > tn>n Sla *9 A^aJI 

.JaaJI ^ yj 4_LaiLai]| (Jjia LS^ 21 4iLobO (J ^ 3 £_lL 2 Lj .iluiUI l** J \3 Gap Jl 3 j^ 3 >aj 
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(<jj! dSydl (Jjljc.) £juAj]| — ^IjII ddl 

djAUa 9.6 

Partial dj. 1 ^. qc * s^Uc- s^Uall adAj . 4 _aIc. djj^*-^ 4 _^.]^j ^ 1 \ d^ldd! j^jI ^a li^j^£11 jmi 

Sjj j^aj 4 j d_^4^ C 5 ^i cjjjaiixi jl_p cJj^ Discharge 

^jajJsjj (Jjjtll 4 aK^ (JjjtlS dj.ld IjjaiJ-o S^Ua]| ^}JlAxjj 4 daJ^dl ^jjIj 4 'Sjn 4_d]jjaiC. 

U -0 ^15^ 1 x^vil 


_J lJ)j^}3La]| Jldl d^^^d) ^Jajuj JUC. dCCtriC field. SAjoi djdjj La-lic- S^Uall 

4-k^Xo ) 30 kV/cm lo^' *W' disruptive potential gradient 

^Jajuj {jc> 4juij^dl ^3 d^jJaj ^)j£l U jj ^£11 difldoS Idlj Jai-jJall ^a ^ixjj 4^<udl fijiA (jl 

Cjl_2kj^ 4_2kj^ 4J ^ j x s-C\ (Jj >LaI£ Vjlc- (Jj^aj-dL JaJ^dl ^ U^J (jl j 

^a 4i^ajJI 4idall ad jbjj jfl jSl .(JjuajJlj 4_k^ 4^^ ^ Jds a conductive plasma d^jdi 

. 4jj^-£ SjIjjoj JXk ^a i~ ih ij CjvL^ajdl (jjj (Jjjdl ^)jai£jj C_i3^]l 

Id Ii^jj^j ^jdj U3^ .^dl 4 _aj 3 ^ ^)jjdl S^ldl ^JajdM Aic. Lo j-aC* ddd]^ 

. ^}i£l S^&lddl ad j ^3 <- > 'y Sjjd kV/cm 4_aj 3 ^aJ £>lddl ^JajqaV 1 

C ■ W" .4-AidI 6A^J d jj-aC -JSdl Jaj)]^^v di>ljL-a^A ^j_LJ 4-i3l^ 4iLuaA tdliA LoiljlS ^aJ 

^^3 / < *^H3 / Jauuj^]) iAjj ^154^^ L5^ (J^d*7“" 4niui 

. jihJ! 


4 jjj$£ dj^ d=^j c^t ^ jt Partial Discharge jj^l) s^Ui ds^jj 

3aj))o^k 4Jd 6 CB d! d^^ vdo dii^^ lA -0 cJj^ L$\ ^ (_Ad^ daj)la^k ddj l 4_A^dl ^^3 

^yt- d^^J)^ ^Jajoa Ld^ U^jJaj S^Uall ^_aJl Cj>L^a^A d^^ da_L^dl ^jjIjj (^Sill\ 

. dj^* ^jitl-dl CjIj^ 4_jjoii dua. dj^d^ dajuj^3 djidij 4_j^laAI di^jj Ld^ Ldaj|^ ^JflLlLa 


S^AUa]| i 12-9 d^i) 4d|J)iS d^l- 0 d*d^ dajjli'V dd 4 Ai^vyLa 

^jja. d^j J\ Partial Discharge ^d s^lkll jjjl 4 j j^^a 

.Breakdown J>dl ^ jL^dU 4^^ jdu ^aj dj^d'd^'^ 
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(ja 4JU ^ JIojj Corona Losses. b^ s^Uall ^ iy*.j jc. 

CjLw^a dlvL^.1 Jj CjjJL2k. ^Jj AiLjal S^AUal] L-l^L^a^dl Cjj)4 (JjjjjVl ^xjgftidl (jjll (J_uaj fj k ^all 

Radio Interference.^]^ 

^-Luuall 4_jjjaiik 4akjJ I 4 J! ^jJajjj * JU)£ LIIj 6 JUC- Iajj A^-^il 4_nj^)flj aLIx-g a^Aj 

4lAzA\ CJvL^aj-dl 4_iflj ^jc. aJuuj (Jj^aj-dl 


^o = 21.1* m 


S*r( 1 + 0 . 3 ) 

77 


log"!" 


V — corona starting voltage, KV(rms) 
r= radius of conductor in an 
D— GMD equivalent spacing !>/n conductors in cm 
m— roughness factor 

= 1.0 for dean smooth conductor 
= 0.85 for stranded conductor 


• bjJb\Ab L_Aijuj\ 9.6.1 

(JL^-xdl SAjoi Jajln'sll t^Luol ^a 1 pliGjl 

. (Jj^aj-dl CjIjaII (jjtj 4-dlxu^.l 

(jl . vIj-o 4_J^laj j! A ‘sjn (_>ialAaJ| 1 x>>jl I^jIjjujI O^J • S^jua 

jUjJI 3 jjIjj V S^lLlli j-oj jlnll 4 _xu5j 4J 4i0lc. V$ .^>11 4 _aj£j jjIjj C5 _j^£]( JL^-xdl 

JajJajJ! 

- ^ ^ 1] 4jLal^JI jJJ Cjliluudl L_JjUij Ljajl j aj I CJvL-aL_jUjj 

JJC. j£LoVI 5^)AUaH aJl^J \jfc jj£I (jl £-a l ^Uajjj 

(Jajj ^ jjtl]| 1 $j3 vW j) Jatftj ^ JJC. 1$J3 (JL^-xdl ^jjJ ^Jj-aj Cjj^. ^JajuJI 4^dalLa]| 

CS* 
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(<jj! djKutill (Jjljc.) £joiU]I — ^131 l-jUII 



• Vi 3 j^\\ (^ 3 \a\\ 9.6.2 

(Jaj ^AIAILjJ JaII £^18 A Aa.LalA S3jj (_JaoV 1 1 

L-jLol^J AfljL3l Ai-jlxAl) (Jj^sa i^aII ^Jajai ^Ac- (JL^aII AajS 

( o^*< Aaj 9 (jl ^ j 4 ljC jjA^. c»Ak Iajj ^31 Jl^a3l 
LaI^ ^Aaflll (, 8>>sC\ 3 j UK ( ^AxaJ 6 aLUla!! ^Ua ^ ^laflll 
. (^j^&ll 4 j!aj aAk (N,Kj ^31 ^-^Jl 

bundled conductors A! ^ IalaJ ^LaaII s3jj <jjla A*j$ 
(j^L-a ja ^jc. s^Uc- saJ^I! Phase -SI (Jj^a ja cllij 

-9 J£3) uX^ll ai* ^ short circuit lU^ J&\ 

(Jaj ^aJ (^ja j (Jj^ajA (j£l ^IfLdl ^laflAp Ajjj ^IjSLj 4 (13 

. CjjjA ^Jjljj vLfi Aj tij~v 31 JU^AI 

^)3I S3jj L5^i L^'^J^ jai t -SS'^ u ^ 1 3 S L JM> SAui (JjSo"\ Cjjjlflll AL^alAll AsLoiaSI SjUj — 2 

aAaUJ! ^JajaaVl J&-J SAolJ Jjljj l^j£lj (JL^-aII ^Ac. SA<Uxa JaA3 C Unjl S^&Uall fiAk (jVj — 3 

31 <■. Tl^ll (Ja 3I JajlaA S^LaJI ^JajaaVi <■. iKI C > AaIc. Aflj^aJj 4 

(jA Va (J^oJI Sjj.Vuma a[^ l^A (Jj^bjaIS ^j\»" JjLujj >Ija (Ja*jjojj !3j c Voltage Gradient 
Spacers 31 ^3U LcaJ JU3I c31A£j 4 rounded rather than sharp edges s3a3! 

. (^x-alj*il &C^A AajLoJI jj) t«ol) la'vV j Cj]j]jjAVi AaLs^ 

. AjjoUJ^II LjjLjjojVI ^a&l Aa .1 AjV A^-aJI ^ <> T c_l^j a£L31jj — 4 


Figure 9-13 Bundle Conductors 


^aJlC. S^UaS) CjIjjujI ^aI Aa.) <jl Ia ^JaS i COFOIia RillgS -j Ia 

^ja AAajJi_A (JU^ajVl AJaAJ (Jjjdl aLaLaJ (Jj^bjaSI Ak c & VWj Ia IA&j ^JajoJI ^aUadjl 

Sjj) troll ^3 US CjlftlaJI ^Ja ijj Alii ^>lxlj 4 ^jjxall ^3 jLaJI ^JajoJI ^ > \ u ^ 3 jq^£JI Cj jAaJ IAjjA 
^Ac. (j^3j CjlftlaJl ^Ac. laj L^jli lj ^ £11 Cjj^Aa lili A^aAl JaUJ! ^jAxaII (Jj^ajAlU AAj-aJA 

. (JA*AI AjIa^, ^aJ Afl3 ^aJ ^JAj (Jjlxll ^ Lila I 


Alli^j Lightning Arrestor cjUjIa ^ Lkaj) (14-9 cjIaLJ) &aa ^AkiAjj 

^2$ ( ^a.liAll ^)ixjll ^ja (Jjjdl L-al^lal AjLa^. ^Aj ^jjajxll ^jjofljl CjV<)*\ aII^ CB 31 cJli^Ial ^9 ^aAkAaij 

Voltage gradient, kV/cm -11 Ax&j* ^ Aj^ ^231^ Jilll ^ ^Iaa 3> j^3i j( ^3> 

.3JJ3^11 S^Alla ^ <.juxn ^pljj 
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Figure 9-14 Partial Flashover on corona rings 



4fl)V l ua l^V (Jj^Al 4-LuoIjujj 4JIx*oj1 42sAj Jlic. Ijj^l (Jj^a S^joiIxg (Jj-aJJ CjIA^JI 6JAj 


s-l^^Jl c 2 jl ^.jjjIj z> V C-u^j (Jl^ 21 ^ 3^*3 cAAaJl alA (jl J 3 II t lj 33^2 

jV ^1121 ^ 5^35321 4 ^u 21 c-ijjujj ^r-i^l Gradient, kV/cm Jli . Jj*l\ J\ J^^AL 4 U\*% 21 


- 4 Hxu 3 Cjjju^a 3-03 Sj_L*_k-a (Jlx^ajl 4 t-> 5 n ^u ]j ^jojIj lA^laS 4 jA^J lla-la. ^ ^_a-2 ^Jj^^ll (Jl^»21 


: JjUJI 9.7 

U^*i ^A^Jl ,^>11 cjKum ^ JUJ 1 ja L£ t String 4 _LiL 21 ^ Disc <j-ajii 3 * J&\ ^l,Wn 2 4 JU. ^ 

500 (J^LulJ 4^1x21 .^'V 3 ] ^ * 1 * XM (J^LuiAlj iJjolLAlj S-^^J-Al (Jjl^jAl ( 3 ^ L^laJ 

11 a j 25 kV/disc <*_ajjoa > 11 * 20 2 >* 4 j^d( (J )21 4 i xuL» .^^Al <jl l-^s <*—4^ 3 !^ 

c h~F\A 4jl^ l£ (JAaj A n*v . 15 9 ^jLujj U^J Iflfla 

Jjlc. 1 a $jjj (j mte* L>^ c ^52 1i L 5 ij^ JAxu jAj Series Capacitors 21 < 3 * 4 - ^^^ Aj 2 

. 4_i11jl- 21 2alii21 <j_iJ LaA (Jj^al^Jl 3 A 3 4 ^ ^ ^ (3^ Lo^jIc^ 

4_h3 Uj DiSC (_)^ JaJjJ ^21 4 jJj. 1^J1 C_)vLx-a 3 ]! cAIj ^ 3^3 3 A L-llxAl 3 ^iil^ll ^9 3 $ Via 3 JC- I Aa 3 ^ 

Shunt ^g.xLx.tG ( 3 ^p.l l" iloVC^ ^21 3 JJ 3 I^Iij Laijj 4 _jjujLaJI cjvL-^a 3 II 6^43 c 4 lx.Ax .21 ^ 6 ^u L$j 3 

•15-9 c>jVi lKAII ^ Capacitors, Ci 
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Conductor 


(0 (#) (Hi) 

Figure 9-15 Jj*Jl 


aLuUI (JvLk LjJjjoiIaI) jlnll ^ju^aj j . JjjLaJ) (J^joAI ^j^aai ^jj^aJ jLiAl 

^AjVl A-AUxAl AAlaJI L£ ^ya\j^\ ^Ac- LjLaila ^jjxA CjIa^xAI (j-a A_ijtj]| 4_AC-AALa. ^9 
^Aa (j-o j <aUa a*j jUjII Jaj J! Disc -Ai jLAi jUjII ^a jlnSI ^ n^ij <Jj < 

IAjjC- Al^_a.V (j^aj»Tnn AAjoAjoAI ^a]j3l ^uaJU ^AA j AiLoixi (J^ ^Ac. LjLuila ^)1 jj]! Aau 

. aJj^olj Flashover l$DL* d>Aau JaVi ^ J jL^I 1*1 diA^ Ujj j 


^ij^A bA^ 9.7.1 

_J <.—9j*J Lg AAjoAjoA! 5 pU^ ^AAaj^a^ ^aAaAjail AflS SAaJ^I AAjoAjoAI (Jjl^C- < ^Ac« A_ijlooila ^)JC. Ajg'sll (jV jjAajj 

4ja.U ^ UuUI *\jJ\ (> JjVl cr^ j4^=y ctfj ijjall -ipa^J String Efficiency 

(jl 4 h^ .>La String Jl ^gic. jiyi <_S^^ ^" (jjj J t 44 ^. _jA j (_l^a_J^I 

• 4Jtiil ^Jc. (J^ailljj 


(C^Luij ^LliraV 1 i^ya n A.\C~ I 4 J —ill 4\>n\>u\l Sc-lflS d 


String efficincy = 


Voltage Across the string 
n x Voltage across disk nearest to Conductor 
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j$\\ ; £j| jll 


(Jlj-aSI (JjJjuj (> _ 5 -S*-9 6 .^>IS (JjIaLaSI ^)JC. ^jjjolS 4>jVi JjlilaVl S^i-J^J (Jaj 4_LaiLaJI Sp-U^ (jl ^jJal^ 

15j lOj 5 1 *j lak±* JjojXoj d£d bjJ jl£j cJ <£ 78 U J> ^ Flashover Voltage -SI 
685 lsJ-^ AiDdSI J^XoJI ^ Flashover Voltage -SI ^ uj^ ^di*i t J[£SI ^ 4iaiL2l> j^Ja 

^jjLolLg dijlS t ^s^lfl£ll c_il9 (J^SaSI jlj 4_j| ^jjalj^ L_ujjiSI ^Ac. 1 _ 9 ciS 280490 

. (Jjl^^ 9 j 7 j 4 aIa^jjujI aJL^JI 


(JbI^ 4_LuiLuj 3jJUa9 4_LaiLudSI (JjLdal (2^ C5^ l^jl^dLa A^_^JI (J* ^ j ^jl I lx laJjuil 121 

.4iIS j 

1^j9 (jUiaVI ^jljjj (Jjc- aJjoiLoj ^gic- C.LQJ dlljljlkV 4_i1a*JI 0jtllSI (J^aau JbSI J jAaJI^ 

0jtliSI^ c > il-ij (JjlaJlj cJll^ (JjlaJ! I JjjSI^ ^9 S^U£ll ijn^i 5j-c (J^ ^9j filial S^joiC- ^1 (Jj^aJ 


[S.O.V. = Spark-over Voltage] 


No. in 
series. 

S.O.V., 
Dry (kV.). 

String Effic., 
Dry. (Per cent.) 

S.O.V., 
Wet (kV.). 

String Effic., 
Wet. (Per cent.) 

1 

75 

100 

48 

100 

2 

140 

93.4 

90 

92 

3 

195 

86.7 

128 

89 

4 

245 

81.8 

166 

86.5 

5 

295 

78.8 

205 

85.5 

6 

345 

76.7 

245 

85.1 

7 

395 

75.4 

280 

83.4 

8 

445 

74.2 

320 

83.4 

9 

490 

72.8 

355 

82.2 

10 

535 

71.4 

385 

80.3 
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(<jj! djKutill (Jjljc.) £joiU]I l-jUII 


Example S.l* In a 33 kV overhead line. , there are three units in the string of insulators. If the 
capacitance between each insulator pin and earth is 11% of self-capacitance of each insulator, find 
(i) the distribution of voltage over 3 insulators and (ii) string efficiency. 

Solution* Fig. 8.14. shows the equivalent circuit of string insulators. 

Let V v V 2 and V 3 be the voltage across top, middle and bottom unit respec¬ 
tively. If C is the self-capacitance of each unit, then KC will be the sliunt 
capacitance. 

Shunt Capacitance 


K = 

Self-capacitance 

Voltage across string, V = 33/JJ = 19 05 kV 

At Junction A 

/ 2 = I x + ij 

= K oj C+ ¥KnC 


= 0.11 


or 

or 

or 

At Junction B 

or 

or 


V 2 = V l (1 +K)=V X (1 + 0-11) 

V 2 = Ml Fj 

I 3 Ij “t" 

F 3 (dC = V 2 wC + (V l + V 2 )KmC 
V 3 = ¥ 2 + (V 1 +V 2 )K 

= 1 llV l + (Fj + Ml V x ) Oil 
V 3 = 1 -342 V x 





w 

Fig. 8.14 


(f) Voltage across the whole string is 


or 


V = V 1 + V 2 +V 3 = V 1 + 1 11 V x + 1-342 V i = 3452 V x 
19-05 = 3 452 V x 


Voltage across top unit,^ = 1905/3-452 = 5 h 52 kV 
Voltage across middle unit. V 2 = 1 -11 V t = 1 11 X 5-52 = 6.13 kV 
Voltage across bottom unit, V 3 = 1 -342 ¥ x = 1 -342 X 5-52 = 7.4 kV 

(II) StriradEdmcy = Vol-y «spi »«i°| x 100 = x 100 = 85.8% 

w * * No. of insulators X V 3 3x7-4 


<AjuAjuj bAk^ ^AkiA 9.7.2 


(J^ia S^Ljj CjlijixJI oUJ! Ijjiaj C*nu*n AjjojLI! j 

4il£j c_±lolj i_iK* !2 a Shunt Capacitors -II a^ A c>j ^ 


,gjA\ 


Guard. ^jojU 16 — 9 ^ 4 yo* a\\ cJiLjaj yjl 

^ i 17-9 Ajuo^Ix-g ^uin CjIaIMI ^ Rings 

. 4.2112) 4JLJ1 Sja j 42 jL 2! Shunt Capacitors jjjIj a^j^ 
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Figure 9-16 guarding ring 



Figure 9-17 
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(<jj! cijKntill (Jjl jc.) £joiU]| l-jUII 


Insulation Coordination <_±^Li\ 9.7.3 

OljLnll <. ixjiii SjjjuA (Jj 4_ijL_iLo jjc. (Jjl^atil jljjaV CclpclC i tclHCC -II (J» j o_}^J Cil Ij lilliAj 

fj j^s UuluJI ^ Self-Capacitance _>?si ujSi-u cU^dl j^U^II jJall jt Ibaj 1$j SjLJI 

JUILij ( (jJall Self-Capacitance -II £* > .i J vn .. i ^Jl <jV Jjlj*ll jUai ^ jj^aJI 

UaJlc. Lul IbAj 1 ^)j}l 4 j^U (jx 4'111'inll 4 jlgj (jjjJall ^jlc. BjJpj " jjl^-oll (jjjJall ^—k- I' (J«j 

. Insulation Coordination Jjl^SI Aijlall oba . b^JI ^jjj ^ JjLJI JLkJI 
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; j^jljll i_jIj£]I 
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TL Parameters 


TL ^ laa, 1 ] A^ R , L and 0 ^ Aj>UI A_UjjLujVI ^)x-aLJI ^ ^ L-lLua^J ^-^j^a^JI IjA ^.9 AjIjJI 
^JjLqjj . LijL-v \\ JjLgj ^3 ^Jill ^jl ^3 <JL A_p&l ^ ^ Parameters 

Voltage ^1 )Vnl cjLIJL a a^ jiai^ cj>\ jlvill^ cjLLaiaJI ^LaiYI Ja^laJI 

Short circuit jx^JI cjLL^j fi Transmission Efficiency JfcJl sji£ t Regulation 

. Parameters Jl ai* l_>L^ <> La .Ai^j 4 analysis 


4 Afl \S^W i^a l^j 6 R l(*~^3 A^o jULq aJ (^Jx-sa^o S^Lc» JaA3 L-v\1 ^j| A_iAj (JjV ^«1 jj Jj 

La Ap^UiJI a^us ^<i (JiLaj Inductance, L ajL^. a^us ^ic. LjojI (JaUu JaJil ^jli aUJI ajJLJI U 
Jl ^ Jiaj t Capacitance, C ajj*^ ^ Lhj JaiJI 4 Impedance, Z JL 

. Admittance, Y JL U Conductance 


jjjLj c R, L and C 1 aj>UI JjJJI ^-aLc. ^paic. J^ a_xu3 c_j\ aJj^ ^jjjjaLuj aJJI Jp»YI ^9j 

. (JiJI Ap^laLa JJ ia -la*lj l£ 


baJI 4*$y*10.2 


^)JA ^3 ^ A>ufl]| AjUJj^q Jlc. (j j£j dip. Sj us-*q\\ JajiaaJI ^3 JaA3 I a \jx^Ai£, A^gjLJI JJu 

^gic. SJ^AaJl SjJll ^aJ (JAJ jLJI A_aj 3 JpaJI S^Lj £>aj 6 Sjjp. Sjjxxa ^^ic. ^I“R lOSS^ SjAsA 

. Sj|p 

U (Jx-ajJI £_pj jLJI ^jiaflaJl IJi 4 j' A Sag CjJL^Jj AJjIa J2Loii3 Jxxa^JI Sjl^p. Apj3 Jj 

A*j V CJ^ll (jJj ^Aaj c > lu/n c" n^wj jUill <aj 3 tlmajjl 131 (j£] t AjIc. (jl£ 
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jill <joiAiA ; jj! c_jU£]| 


UJ& u' 


Loj^cj .thermal limit of conductor JU j^Uj jUil li* <jl JjSja jUill <_>bltaJ 

a^A (j^a (_ill Lajlj JaiJl 



t iX-C^Vi-G AaAS b J.J ^.o' -Jl! 10.2.1 

(jgjluA C^lLuJ AajUa (jl ^ ^1*A 


R = 


p x L 


p is the resistivity of the conductor. 


: a_i]1a]| (JaI^*J1j 1 lilLJI ^Lo^ULa ^j! VI 


J-toJI “I 

CjvLx^a i^aII ^-vnu" Jai^laaJl l_u£jAj (j-alaJI (Jx.aftll ^9 Ijj^A Ia^ Ja^laaJI ^aJaxAj 

^glc* (JA ^IjAXjaL} Ll ^J Jajujjll ^g9 L_llx-a]l iAILui (jj^J lAA ^g9 j AOSR _J cJl jijxaII 

Uj£ %2 ^ Hn^i ^}j£l (Jj^aj-oll laflll (J^lall (jj(jl ^^9 <■ > 'y (jAaJI Ia&j 6 aJj, W a Cjbilla Sjjj^a 

. AajULJI AjjLoj j±lalljj JaaJ] ^ajaVI (JjJall (jo 


Skin Effect Jt S>*Ua -2 

(. ^g9 a; g ja (Ja jj£I (Jj^a ja]| jJaiL<J A_iajlaJI AjAaJI ^g9 jjjaJ AAjjaII jLiJI (Jjaj ^jaj i~ n*v 

4a jULJI 4 _aj9 SaLjj] ^>a.l <>. tua lAAj RqC L>° RaC Ia^Jj 4 AAjJI ja IaJjojV jJaiLJI 

aajLoJI aJaIxaII (Ja AjjiaJI AajaII (jc* 


ijj*l\ 4*ja -3 

49jxa1 j u^aII Ax^Jja c > t^kj IaIj SjljaJl 4-aj9 ja 1j)o4.j IjAjia l_LujIjjj AajUaII (jli Ijiklj 

. AajULJI ^j 9 x^aJj AAajII Cj>LaIxa 


Skin Effect ^nU..A\ ^xi\i__\\ ^j&Ub 10.2.2 



Jaij 4jLJa (_)^3 ^ 1 10 J£a) Cjb^ila ^ja (j ^^a 4j 1 (Jj^-a jaII U^laj 

Afljjall (jl ^gI xj IA^9 4 ^aJ^ll ^ja (j;i*A Jajjjj ^)1 jj (_]£j 4 ^ja ]jA9 

dlbiila]| (_)^ jJaAJj (_ja»lAll ^ja IAjj ^ja ^)AAj Jajjjj 4-ila>lA]| 

AjI^A ^gAa. (jA CjlflflaH (J^ jiaii9 4_Al!lll A o^U\l j\jj ^gjL jj 4 AaIIaII 

U^aAl Ia1£ Uj) IaAj 4 JjV! Ao^Uti jJaAJ V AA^l (Jj^bjaH 

1a^ Flux Linkage -SL <._fljxj 1 a ^1 (Jj^a^ aIL Lr^j^li ^j>>joli Alj (Jj^ajAll 


Figure 10-1 ^jjj Inductance _S1 *c<u9 jjli s^oiIja ^IaII C 5 ^ j^-a ja 


235 









(2aj)a4\l jA*l\ (Jj^a2l — ^221 L_jl2l 

j-a ^>j£I 42^121 Cjlgjlnllj 4JW1I 4ijl*_2l jl ( ^ 5 _a*j IAa^ Flux LinkaQe 21 4_/u3 Lb^la c > uAnj 
L>° cJ^I (JJ)^J x 1,1 4_iLkl2l Cjlfljlnll ^2 jIj 2I jl SjjjjjJalL IbAj ( 4_i2kjl_iJI Cjbi2all ^9 Sb^^j^l 4ijl*_2l 

.4bakjlaJI CjULlallj jtnll 


Skin Effect_\\ j.& S^i 4 10 . 2.3 


jjj US -d ijyi jjjj]I 4_yaj LjjL jib Inductive reactance Jl jl 4_yi -1 

4_xu3 bjjjj Jajuo3 ^3 jLnll 4_*<u9 ^aSljj ^_lc« b^ 3 J IAA3 ^)Ij2I (J 9 ^J121jj X|_ Cjblj bbjjll 

bbj2l 

^639 blbjj^ dx-a^All c-AfiJ (^jbaJftll 4 _-<u 9 jjj (JJ^flll blbjj cJj^a_^2I ^)la 3 bj|jj ^)Ja 9 — 2 

bjljj l^ILaj 3 bljJ X|_ (jl ( ^i*J IAA3 (t—AxjJa blbjjj 4 _ 12 fcjL^JI (Jj^aj-<AI L_ 9 ^)Ialj Jaij 2 l (j>ij 2 l jjJ3 

. ^JajL&ll 4_xu9 


Bundle Conductors o-* ^ Wb \i\i 10 . 2.4 

divL^a4^3^ ^I-^jjojI ^1 4 Bundle Conductors 21 4j\x>c. ^1 L^Aj I 3 L 2 4 JLiL 2I 4jai3li2l 

jjj^II (Jj^aj- 2 ! jV c ^)JJ^ b^lj (Jj^a3-a j-a V CJvLx^aj -21 ^jCluia £. 2 * UA j-aj 5 jj* x^o 

(Jj^aj-21 ^^^1^121 jbjLxAl j-Q SblALoiVI l)aj j>oj ^>j£I 4_2kjbj Skin Effect 21 s^Ua 4 j 3 ^Jaj 4* 1 ^ 5 ^ 

. Bundle 21 22 La j-^j ^ Sbjli V^ ^lb >2 1222 L33 lIj 


Udlj^U^ JmJJ UaII 10.3 

3A3 £jLai Ilaa> IbAj ?CjIa2 4_i3 (Jjj2j 2 Jk -^ a 3-^ Ja^. Ja£9 2 j 2 jaoj IndUCtSnCe 21 jj| j-G (Jjtfi 23^ b9 

^abc- ja ^jL 2I UaaJl IbA ^ c jn AI^ ; Coils cbliL bj^j ^ VI V Inductance, L 21 j! jUk.1 

. Inductance 21 4A^3LA 


? Inductance , I_\\ ^ Vx 10 . 3.1 

^a^ 1^1 4_lojVI 4^u2Ij Inductance, L 21 4_xus jl { tfAn^Uti 4 Aixtiijl2lj 4_Ljiall 421^1 Jajia2ll ^9 
4 ^jH 2 ! ^jjj2j la^ll 4 jjujLujVI a! jU_2I ^a jj£jjoa XL = ol)L (^12 ^^2)3 Inductive Reactance, XL 
. XL 4ijU_2l 6bA ^3^JaJ L >.o^ IajI^ AO Current ^^jobl jg y£ . R a^aj^\ 
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4 judftj ^JaflJ (Jl>21 IAA3 1 x>>jl ^ jqillaLiaLa (J1 ^ xn Lj)*s 33^ ^*}jl2l 3L2I 3I ^ L5^ 

. Ja^JL 3I2I jbal! 4 _xu 3 ^j>>lo-v \\ 21A 3 iHtnj^ Ja^JI ^Ac. J3232I ^L^Vl .^'sll 4 ^u£ 1 jl^ 6DTlf 4 j 2 Liojjj 



S^jA^JI 4 ^j\jlxAI aA& (JAxuj S^Uall £>Aa 3C* 3JJU3 c ^)l_n]| 333x1 4 >jVi Cj^Ja S^J^. 4 _xi3UL1 < 2 La 3AI 

^CjjIj 3I JJj£ua jLnll 3!^ s-Ijjuo 3^JaJ R ^L^ULAI 3 j JJjj2I 3L2I ^323 ^9 V} 3$AaJ V 6 XL 
A^jIsla]! aA& 3) L«vNf . L3^3x1 JJjj 2 I jLnll ^aLLa 5 ^3^3x1 Ja £9 XL Jl 12 5^3^30 ^^9 3LJ 33^ (_)j 

Inductance 21 3IA t_&La ^Ac. 2 L 2 I 3!^ 12 «^L\i ^ 32 6 t_ &Lq 22 31 ^jaLo^o laa. 22 32 ^.13^ 3^laj 


« JUjIoj 4A 


3I a) 2 a 2 l (jjoflj (> _ 5 i 3I21 ^IjoILj 4_jjULa Ja^JL Jajj^AI 3^ajfl]| 4 _j joij l^jL Self - Inductance 21 <23*33 
Mutual 2 L 2 ! ^ j3^ <22 ^ 3I21 jUIL jfc Inductance 21 ^ ^ 2 U*j . L = 0/11 

. 2-10 J221 ^ 12 Inductance , M = 0/12 

L-v \\ ^juaiAalii^AI JU^AA a, ujj’AIj ^cj>L^a3>A)^ L3L-V \l 4ixjjaj ^Ac. Inductance, L 2) 4_xu9 <29333 I2 j 
P hases 3-0 ^1 Phase 21 32 4*^1 4-3133x1 (_£^V 1 Ja^Ja^JI l\&j (_£^2 Aajln^ 313^.3 ^»1 ^j&1a 

^221 ^ (_£>1juj 12 l^l^x 1 <^21 3JI321 4JC3J3 ^)21 l&oi ^gAc. Inductance L 2) 4_x2 29332 i^Aj 

. l_j12I IAa 4 jl^_b j3^321 


LakjL^ Self - Inductance 21^2 (Jj^a321j 2 ^321 3>>j21 3-0 4_^j2I L 2 4221 4_^u21 22^ 4_^u21 

JaaJI c> JLjla ^ 2 ^ uj^ 2^3 ^ Hennery, H 21 s^j 3.123 4 Mutual Inductance 





Figure 10-2 Self and Mutual Inductance 
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JjSL- jldll 



j>L«a^A]| ^L%jIj Inductance _SI <a>lc. ^]a»~ 4 _a]Ih]| AA^l*^]^ 

L = \pl 0 KN 2 A 


l 


L = 2 x 10^ | -^ log e Dir + -^- j heniy 


(> 


AAV-ij 1 a\u cjIa1]| 4JV-ij Inductance J! 4_xua ^Aasu AA^IslaII ^jl Ja^V 

. lAjUaSlj AjjI^AI Ja^laaJI (jjj 


^cj ! 4 jL^V|j ? 1 — 4_i3 cjIaIII ^jV Inductance 4A (jAill Jaaw ^jl <j \.]A ^i*j (_)a ^(JjIjuj (JLojj 
J j 4-ai3 IjAj 4 1.1a. /vwl^\l 4jjHI 6AA ^JaA-a 4_a.LaiA (j£J 6 1 ^j\x >>s-i CjIaIII JJlO ^jl 

AjjI^I Ja^iaiJI ^ Inductance J oj^ A^luuJ) ^Aa l-u^ j .s^n** Inductance 

. cJj-$ cj>L 1£JI ^ (jj£jjaj Capacitance Jl (jj^c. ^^Ac. t cj>L1£J) ^ 1 ^. 1 * cjIj^ 


* 4 1 <Q 

S^q ^Ax^a-oll t L_L2fcj-a]| (, Aj^aj 4_L^I*1 j AiUa L-aIaII (jlA i_.aLA1 ^ )j y* Aic- 

Inductance J) 4^Ja ^^Ac.j jLAI jLiA! S-iA ^^Ac. Aj^aI) AiUall 4 _aj3 l-asjjjj t l-ALoJ) SjjjJI c^ uLpA 

: 2JM\ AJ^UaI! 


W = -LI 2 
2 


Hennery, H _AL ^jjjIaj Ind _AI 1 Am (J^aJL ^jaIajj W ^a Ajj-s a\\ AAUall d 


AiVLW i> 3 ^\ J±£. Inductance __\\ j±f\i 10 . 3.2 

U4J yilla^-Q (jjj (Jajj J\ y^oj P *GIjl 9 Sj.ll Ja^. (_^V Ia 'j ^ i 

. 3-10 Jiill J* USV1 and V2 o'fj'-y 


V,6i 


P 


VA 


hmx 

I jSj\ 

vAvl 


X 



TnrwriiiWffi Une 

Figure 10-3 sj^ill Jliiijl ^^ic. sjiij-ail ci£LoL*-<i]| 
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(_jjail ; £jljll 

V2 and VI y «. La^I ^^ ^ jLu^-V' U^.1 Ijli s^c. LoiLoil ol& ^j) 

Power _JU c_fl^au ^ull 512 a]' 4 X lAj^i 4i^l*-a «d (Jaj ]a^j Qj" ^* 0 . 0 ^ 

: ujjloG (jjjka-21 jjj Transfer Power Capacity 4ljsiJl S;^«]l jla < Angle 

VlV 2 



P = 


L sin &12 


SaLjj £a Ajjj 4 J jaIaII SjAaII ^jl gjiluaj 4_1a (_£A]]j 4 — 10 (J^oJL A^^aII ^IaIIj lgIn aj ^j^ajj 

^A*a2VI lAA^. (Jj^aJ (jjtli's a\I 
^jj~ a\I <jjj (j^ 

Aj£Ij]1j 4_2>jA 90 (J£$Ijo£} 

(jV 4_AJflll aAA (Ja L_i]jj3V1 

90 Aau ^ 4fljfl)n SaL) (^1 

(jljjVi ^aAC> 4jiiaiA JJ UIaUjuj 4_2kjJ 
£a 4J^Aia]I SjAaII ^j-^Ijjj l^_A 

SaLj 

S^aaII ^jl ^cHHjaij aajLoJI 4JaIjla]| Cy*j 
Jjj-L SAsu Ajjj (jl (j^AJ 4 JjA1a]I 
: 



(j-o Ujxt'v 4 _a1*a LJ 4iLAaVL S^aaII Jaj ^ 4JUJI Aj^'i ^Ia^jjoj! jjaiflj Iaaj (Ja2I a^» SaL) — 1 

4_la^.>Loi ^a Power Losses 4 _ajs ^jaj \1 4_aja j tt1 a^_^JI ^jl 

^)Loja (J^la ^Ic. (Jjj^aJ! 4il£ ^jlluoj ciilj (jV (Jj^Ajoia 4jjoi jmj 4 _u^jj Aau JarL A^^ ^Aj 

. JnSJt 

AjAa. tiSlAA AjIjjII 4-La^-A ^ 4_njj2l] (J^IaI! jlaaH >>» SaLj 4^)la ^jc. 6 SaLjj — 2 

^ac. (Ja 90 (Ja l-jjjaj VI l_l^jj StsbiNty limit L^a Ia^ 5aL^]| &a^J 

4_aj2 (JaIS (_£])|ja vIja oIAAL IaI (J^aa lAAj X 4 _aj 3 ^alAjj ^jc. 4 Jja1a]| SjAaII SaLj ^j^ajj — 3 

txAaj! Bundle conductors (Jac. c <. g*x>i\l ^1 4 Jja1a]| s^aaII aIajj <. gx^i'ill X 
Ia£ FACTS ^jujIj 4i jjjlaII SAjA^JI 1-12^4^Ia^Jja! ^Ajjjj . LjA ]jaI (JA^ 

. X ^J3 til L_jLiSI lAA ^JA ^J_12 wV ^ 2 L ^aII ^A I^ajAIa 


? 2Jk V\^\\ (^.a! ^ b\ v\o^\^aA\ 10.3.3 

Jajln'N 11 4J1_^. ^A I 4 I 0 (jj£jjoi aJjaIaII 5;Aa 1) ^jl ^jju IAAj 4uAaA^AA X 4 a_A (jj£jjoi S^Jaa^aI) Jajln'N 11 ^A 

I <- 4 ]Aj 6 4 A>Ual £• ^a>t£JI lAA i 
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J-J>bJl (Jj^aJI — ^JJl L_jlJl 

LoSSleSS JaiJI jl ^^5 cs^li (_>^J^ 4_nJj 4 J^I*a ^A 4JLiLJI 4J.}IjlJI jl (JjVl • 

.4_Ll*_JI ^ 4 _ajULJI JJjL Ijj ^J ^aJ j-oj 4 J (jJ J 

J jljJC-Vi J jl L_1^J ^kl Jx^n'lC. (JL& jl cJjVI L_iJjaJ! Jc. CJJjILo ^Ul L_iJjaJI^ • 

.Thermal Stability J\ ^JJI jJVI ^ U jAj cjLLu^JI aJ* 


(jjL£ (I 2 R t ^ ^jLJI jj 4_^jdj (JJI <J>Lajl S JjiJI Sj|^JI jjj jl ^ ^ x ulP^li 

^LojULa 4 _ai3 ^Jc^ cJLJL ^jLJI ^)LJI 4^<u3 ^Jc> ljJSjjj IJkj J^il C5 ^ ‘JvLojVI j)A * ^ Jl Sj|^JI j-a Jl 
JaJa^JI ^^3 C-bJoA^Jl Ji X 4_aa 3 jl 4 diatijjl Ji JJiJI Sj Jill (jl jIjjc .1 j^Aj vis JULj c R cJLJI 
. 5 10 JJJI ^.Jalj . 3 ^ L$^ Thermal Limit Jl 4 _ajs LjaJ ^Loc-VI .i^L ^JIa<. Sjjx^iJI 


* 4 I <Q 

SIL Jl j£ojj . Surge Impedance Load Jl j* 4 uJ< ^jll J j^kj P 12 4JJ1JI s>>JI 

,t_j\j£j| |J^ j)A J >■ ^q\I 



Figure 10-5 43 Lkl 1 Jij Jc. Ja^Jl $4 


a\V *2 3 ^ cJ^W i> 3 ^ Jl£. Inductance __\\ jJu 10 . 3.4 

4_!JiJI Spall j>& ^^,1 Lj J jl C 5 ^ lA 1 6 kjL-v \l ^)jc> 4JlxJI Sj Jill J&j jjc. I Vv w~ jjLJI <jjl 

j-o ^Jl Jl (Ja^JI J Jjll Active Power, P 4 JUJI . 4 JUJ 1 I j^t- s^jiJI 

. Ijl^Aj CjliLkxJI J 4_jj|^. 4iUa jl CjI^^JI J 4^)^ 4iUa Jl Jjl JJq 4iUJI 
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jill UjaIa ; £j| c_jU£]| 


A4aJI 4_a^>Q i^ja (JjVI c ^ aI ^xil\ c > ^> tn CjjjAa Reactive P0W6T, Q 4 JUa 1I ^ic* SjAaII Ul 


^jAx^aUl (_£>aJ 5 y* ^aji J^\ (_£’) ^Jc-UjojudVI S;AaHj IjUaJ ^gxuji IaIj ^gjlil! { ^gi (_£>aJ 5 j-g 4j1! ^ 

^)j|jAll AjAsu] 4jjjj jJa I4KJ 6 4iiUa]| jj ^a (j£^aJ bjj j^a ^Jl (J^^Tl V l^V 4_SUa ^441 • 

. Sj4_a.V i &AA (J^oxl ^ajvUI ^g. a filial ix a! 1 (Jl ^ a] 1 AiljJ ^jC. *U^Jjuia]| ^ ^ 3 4 A^vLa^j CjKj^i. CS^^\ a\\ A umU ^\1 

(Jx.aA^l ^UUaII ^}1C- SjAaII (J^* ^Jjj^alAJ^ (j>a *^LP°) 



Jaik aJUaI) SjaaII aUil^ 4 .j,K ^j! j&j 4 4 JUa 1 I ^jjc- SjaaII^ 4 JUa 1 I SjaaII (j^^A^a, 3j* cilliAj 

UKa 6 5 A 3 ^ 3 U1 nxuu jti\j V Receiving J Vgend 3! (_£A 4 _aJ Ph3S6 Angles _JI <jij 3>^9 

alai! A,W*n LK c ^U^A LK 4ajA 90 ^A^aal Aajj JaaJ) ^gU aJ jAlall 4 _IUaH SjAaII CjaIj 4_jj!^]( aAA cAjaIj 
^»jj j 4 (_£^a.Vi (j-<» ^)KI Ph3S6 sngle I4J 4\^v*^ (jjflja U^ajl 6A4J 4 _SUa]I s^aaII J3J^ 

. (JjV I c_jUI ^aJjj CjIaI j-all 4 cjjoj ^nxj 4_Lajuj|^j Ugjll cAA jjixj 

A4-aj ^Ax^a-oll A47- j^j-LJ (JjaII A^j UK JULj A4a.ll 4 _ajS c_buia. VW" A ^JUaII t> SjAaII fiUjij 4 _lK U) 
.JiOU ^^gAc-Vl .^>11 (j>i Ujj yA fiUjj l^4jjj S^USI ^JUaII ^p- S^aaII Cjjjj UK 


Inductance J1 4^ua plAjj) c^jl ^ l£p^ 4 _K*U la UfA^ ^ lpi5 

Voltage _SI c > n^n a^^JI aj^g ^1 ^aJjjoj U 4JUa1I s^aaJI c > ^^ cs^i c5 , ^i^ juJ 

LK A4_aJ! jl^il 4 _Uj^q J! (Jj^aj Ujjj (. 4 JUa1I jjc. SjaaI! CjIjU (j-o ajJ^q jjj^q (jf~ ^gjaiUl! drop 

. ^jjjaUJI l-jULj ^pjUslSI^ ^jojUI (J^^aAll ^ vU^aAj KIa 


Udlj^U CAPACITANCE 4*mmd 10.4 


A^aw^a 6 (3^ Inductance _ll juc ^ C5^ 1 .\ u UaUalix^ VU-^ a]^) l_n]| jj 

^All) ^gjoulaUxAS) JUUL Jaijjj Inductance J) ^1 & U^K VU lU aj ^Uaj^ A4_a» (j^a 
a^II 3^ 3> ftUiji 3 U^Uj Jaijjja Capacitance Jl Ul ^jUl! aUAl 

CjUauaJl 4 jK\I cAAj t |UjU 1! S^a) 1 ^4Ip (JjUll Jaju^l ^gA 4^J4£ CjUauai TjjJpA c > \Utm ^iUa 

cilia. Q (^Uj 

Q = CV 

^gU ^iiaj-al U jA c_JjujIh 11 Cijli KliAj c V A4aJ) SAii IjA^Ja L-LujIjjj Q 4A^aU! CjUaUJ! 4 _iK (j\ ^gia-AJ 

4_ia.Ujuoj A4_ai] aUUJI cj>U^aj>JI (jii ajjojA^) aUjVI 14Axua c_ia jjj ci-ua. 4 Capacitance, C _Jli 

.*\j4l\ aJU ^ co j^jlL I4J j^jj Permeability ^UJ) 6 aaj 4 cUbUJ) ufjuil JjU!) Ja^jl) 
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jA*l\ (Jj^aall — ^jl^l L_jIj]| 

(jc« .Ijjj 4_i^Ixujj l^J 1 a\u t ^jjykll] 4 _i^L<ujj JaLujjVi (J3I ^9 

. 4_i^Ixuj 4 (JllLdl 8 jl 7 (Jj^aJ ^3 6f" (j^Loil 4 _Jjoi1j Ai^Lojoj 


Uic 


^2]| ^a3 0 u 2^)C- ^ oh-v ^ 4 _i^.L(Ujj ^ja] ^oLaj 


In sit hiring material 

Dielectric constant or relative 
permittivity (ej 

Dielectric Strength in 
kV/mm 

Air 

1.0006 

3.2 

Asbestos* 

2 

2 

Bakelite 

5 

15 

Epoxy 

3 3 

20 

Glass 

5-12 

12-100 

Marble* 

7 

2 

Mica 

4-8 

20-200 

Micauite 

4-5-6 

25-35 

Mineral Oil 

2.2 

10 

Mylar 

3 

400 

Nylon 

4.1 

16 

Paper 

L 8-2.6 

18 

Paraffin wax 

1.7-2.3 

30 

Polyethylene 

2.3 

40 

Polyurethane 

3.6 

35 

Porcelain 

5-6.7 

15 

PVC 

3.7 

50 

Quartz 

4.5-47 

8 

Rubber 

2.5-4 

12-20 

Teflon 

2 

20 

Vacuum 

1 

infinity 

Wood 

2.5-7 

___ 


cjvL^a j^]| ^lauL Capacitance _ll aj^Xc- ^^Jaau 4_2till 


0.0121 £ r 

C =- jr- \iF/km 

logio y 

l-ajjaHU ULLa cjUjoJI fijiA j^Jajj t Self - Capacitance 4 jj! jJ! cjIaj^xJL jjc. cjI*_uJI £>2a ^a .^j 
sjjLaJ! cjIaj^aIIj ^Ajaij I 6^Aj c Phase Two Phases ^jLoJI 

L-JJjolLo ^)ljj ^ LjJjjojjjj c laaJI cJ^a cs^ ^UadjL cjIaj^q ^^a^ Stay Capacitance 

. Capacitive Currents Jl j! Stray Current JL ^ 

^)\jol] (J-dL^JI ^jjj Capacitance 4*jaJI (jj£j ^Lnll ^^L^ajaVI (Ja^II cjIjjujLujI (_y *j 

Jajln'V 11 ^^9 >1x0 AlftJJ j . ^9 ^AaII (JjlflM S^jjt-x^a (j^9 
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■Luj^Sil ; j^jljll 

(jj£j CLu^ c_i*j^a) A K/IiJli CjIjILq diljjaic. ^ILoj 4jpal! Cj>LjI£J) LgjjujV LqC j>Ll£il AjjouIIj La I i 
j-aluixJ) jlnll ^l.VVunb (Jail! (jjfL a^A i jlnl! Jaj 4jL£j Jibjj JWLj t S^jj^ Cj>LjI£]| Ajuoj 

. cN,kj V c & n\ t L^L^aja) j2j) 

*LLLlaH L-Laia. 4_iic- ^.aJl c3A? 6 lJ6Sa3I 4jljuo L-Lua. ^^Ac. VV ^ JOllI©^ ljSj^aIU 4_jjp^l 4iUaH 4 _aj3 lj53jjjj 



W = 0.5 CV 2 


. Admittance, V _JI 3 A ^Ja ^jjjuiLa]| cjjjLnll cLaj cjIsj^aII &La <^ 3^3 c .\ ul< ip 


Admittance, Y __\\ v\V^.^ 10 . 4.1 

4 4_1& l > 11 a 31 IfriAa " 2 43^Ut-o]l yjl-ilLi jlij]l j q )A A 1 l ^£.Xa] 

Lai a 11 Jli l^J k ^jVL ^Ltj La^ Z aJ^LlaII (jaiLi Xc. I^ >.'Lb CjI^j 

L^ajl (jaIaj Ll_a^.lj a (u ^a J)a^)]Ij ^ m '1 I (jl L.~.v) u mho Jli (jaLSjs Admittance _il 

Siemens JL 


y = 


Z 


Or 


1 

fl + j* 


(f? 2 +X 2 ) + J '(fl 2 + X 2 


) 


y = G + jB 

Where 

Y is the admittance, measured in Siemens (1/ohm). 

G is the conductance, measured in Siemens. Real part of admittance Y. 

B is the saucepans, measured in Siemens, Imaginary part of admittance Y. 


LmsUj JdiriJI JjJa 10.5 

(JjJa < ^Ac» (JAxull ILa Ajjj^iaj c ^jJaLj (Jjj-gj ^Jl (JiLAI Ja^la^J 4_]aJJj-<AI CjLiLmaJI 

: ijL.\l ^ nn\ 4 j>Ij JajLi'v i~ n*v c Ja^JI 
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(2aj)LS\i JjS AJ ^x-alic.) L_jL2I 


: .V-' ^V^<\\ ^ilxi 10.5.1 

Lumped Parameters S 41A«j fu, t g. 80 i> Jsl uj^ ‘ Short TL s^ai 
X j c JaaJI CJvLx^a4_il£j| 4 _ajUL<2I (Jjaj R C-Lia> 4 6 — 10 (J^ k " ^ ^3 4 jla^a R + j X 43 jJ\juqj (_$\ c 
- ^>4. \\ 5JjLoJI OU£2t Jjjb 2ajJa^Jl ^3 j i 4_1^ k>4. U 4_na2l 43 jI*_a]| (Jjaj 


G#n, 



Figure 10-6 Short TL 


.^3^31 ^Uadjl^ s^U£ilj JaiJI *231 ( ^ 5 ic« (R and L j (JAxull ^j^aUc. ^j3 ^jjL 4 ^2oj 


Example 10.3. An overhead 3-phase transmission line delivers 5000 kWat 22 kVat 0 8p.f. 
lagging. The resistance and reactance of each conductor is 4 Q and 6 Q respectively. Determine ; 
( 1 ) sending end voltage (if) percentage regulation (Hi) tr ansmission efficiency. 


Solution* 

Load power factor, cos = 0-8 lagging 
Receivingendvoltagepliasei* V R = 22.000/f 3 = 12.700 V 
Liipedaiice/pliase, Z = 4 + j 6 


3?L 


Line current. 


As cos ^ = 0-8 


5000 x10 J 
3x12700x0-8 
/. sin ty R = 0-6 


164 A 


A 

—1< 


^ _ 


Fig* 10*6 


] X, 


Taking V R as die reference phasor (see Fig. 10.6). 


% = v r + J 0 = 12700 V 

7 = I (cos $ R -j sin $ R ) = 164 (0-8 -/ 0-6) = 1312 -j 98-4 
(0 Sending end voltage per phase is 


Magnitude of If 


% + lz= 12700 + (131 -2 -j 984) (4 + j 6) 
12700 + 524-8 + j 787-2 -/ 393-6 + 590-4 
13815-2 +j 393-6 

7(13815 ■ 2) 2 +(393-6) 2 = 13820-8 V 
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Line value of V s 

O'O 

% age Regulation 

(Hi) 

Line losses 


V 3 x 13820'8 = 23938 V = 23 -938 kV 



V -V 

^-^XlOO: 


7* 


13820-8-12700 
12700 


x 100 = 8-825% 


3fR = 3 x (164)" x 4 = 3,22,752 W = 322 -752 kW 


Transmission efficiency = 752 x ^O = 93-94% 


10.5.2 


1 i ^ 160 ^l 80 (jaj c Medium TL (J^lall 
^9 4* Ay a Capacitance J! 7 u*v t T — Section _ll Lai — 1 

.7—10 (J^joiII ^9 laj (_^HI T — model _JI La^ <, qksFua 


_R_ 
I s 2 
w 


V, 


*l 

2 

'TOT 



Neutral 


Figure 10-7 T-model for Medium length TL 


La^ c ^ 4 jKII Admittance Jl 4_xu9 <. *?»x>n (JiLaj <, ^1 cAa^all n ^1 — 2 

. 8-10 JSA1I ^ 


I s R I L X L 

“A/vV —S— nsiF? 


'C2 


Vc — c /2 


'Cl 


C/2 ' 


Neutral 


-4- 


Figure 10-8 Pi-Model 


(R and L and C^ (Jjxajll &ptjj Ja^JI ^.Ll cjLLui^J (JliLa ILaj 
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li JjS al ! jA*l\ L_jL2I 


Example 10*11, A 3-phase, 50-Hz overhead transmission line 100 km long has tfm following 
constants : 


Res is tan ce/km/p hase = 0.1 Q 

Inductive reactance/km/phase = 0-2 £2 
Capacitive susceptance/km/phase = 0 04 x 10~ 4 siemen 

Determine (i) the sending end current (ii) sending end voltage (Hi) sending end power factor 
and (iv) transmission efficiency when supplying a balanced load of 10,000 kW at 66 kV } p.f. OS 
lagging. Use nominal T method. 

Solution. Figs, 10.13 (?) and 10.13 (ii) show the circuit diagram and phasor diagram of the line 
respectively. 


I s Rffi X l /2 FV2 X,/2 , R 



L 

1 

—MM J 

r c 

L 

% 

U -- 

= c 1 

'n l 

V 

l-i 

- J 

F 


Neutral 



(0 


Fig, 10*13 


(ee) 


Total resistance, phase. 

Total reactance/phase. 
Capacitive suseeptanee. 
Receiving end voltage/phase. 

Load current, I R 


R = 01 x 100 = 1012 
X L = 0 -2 x 100 =20 D. 

Y = 0 04 x 10“ 4 x 100 = 4 x 1 Q~ 4 S 
V R = 66,000/V 3 = 38105 V 


10.000 xio 3 
41 x66xl0 3 X0-8 


= 109 A 


cos = 0-8 ; sin = 0 6 


Impedance per phase, Z = R +j X L = 10 +j 20 

(f) Taking receiving end voltage as the reference phasor [see Fig. 10.13 (ii)]. we have. 


Receiving end voltage. 
Load current. 

Voltage across C. 




% 


= V R +j 0 = 38.105 V 

= I R (cos <|>j? -j *iii ttSjj.) = 109 (0-8 —j 0-6) = 87-2 —/ 65-4 
= % + T r Z!2 = 38, 105 + (87-2 -j 65-4) (5 + j 10) 

= 38.105 + 436 +j 872 -j 327 + 654 = 39,195 + j 545 
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Charging current. 
Sending end current. 

/. Sending end current 


Ic 

h 


= jYV x =j 4X10^ 


(39495 + j 545) = -0-218 + 7 15-6 


- I R + I C = (87-2 -j 654) + (- 0-218 + j 15-6} 
= 87-0 -j 49-8 = 100 L_ - 29°47' A 


= 100 A 


(if) Sending end voltage. = f \ + ^s ^ ^ = (39,195 +j 545) + (87 0 —j 49-8) (5 +7 10) 

= 39.195 + j 545 + 434 9 + j 870 -j 249 + 498 
= 40128 + j 1170 = 40145 A 1°4Q' V 
Line value of sending end voltage 

= 40145 x V 3 = 69 533 V = 69-533 kV 


(tit) Referring to pliasor diagram in Fig. 10.14. 

= angle between V R and = 1°40' 

0-, = angle between fT and T s = 29° 47' 

<t> s = angle between V" s and T s 

= 6, + 0 : = 1°40' + 29°47' = 31°27' 
Sending end power factor, cos <[)$ = cos 31°27' = 0-853 lag 
(jv) Sending end power = 3 V S I S cos <|> 5 = 3 x 40,145 x 100 x 0-853 

= 10273105 W = 10273-105 kW 


Vr 


H / m J s 



Fig. 10.14 


Power delivered = 10,000 kW 


Transmission efficiency = — 10,000 — x ^qq = 97 . 34 % 
1 10273-105 


■ a\ V". A-.T ^ 10.5.3 

l«£ Distributed parameters Jl Ahjhj Jluj ^160 <> Jjl»i <jj£ Long TL 

.9-10 JSAlt 


(v)V, 


J Sj!r L V'A 


—‘TfiPAA/—- o(T 1 -‘\AA 

< 

i 

1_ 

-3 

k + 

Y 

Y 

Y |y 

Y 

Y 





< 


i 


•J 


Long Transmission Line Model 

Figure 10-9 













































JjS a! jA*l\ — ^jl^l L_jld]| 

1iA JaaJli c A^Jj Cj3j Juflxdlij ^uuojj JajiaaJI £>jl& (, SUst’) CjVjIxaIIj 

^ US 4 Series Impedance, Z and Shunt Admittance, Y ^AxJl AjjI^jY CjIc» j)^> ^ 

(J^la Integration (_UI£j (J-ac. t cjIc. j)^> a\\ ^Jaj ^ l-jLo^ ^jjj . 9 

• Aa.^Al ^ .Ja^Al 

Second Order A_ijtj]| a^^aII A-iLjalij aI^Ix-oj (JUj cjIc^)^^ ^11 &Aa s^j* >^11 sa^^II ^J\ c_i±^j 
Sinh and _j asjjxJ) ^1 cjY^UJ) c> ^11 V^l lU^ ^ j 4 Differential Equation 
a\U xAI 5 jj)^ >.~\a\\ cjY^UaI] (Jj^aj Ua * (jlj 3 Sin and Oos Jl ^jc- ^xlalL U&j — Oosh 
Z, Y aSVaj Supply End (Vs, Is ) Aic. *Loja cjY^U-^1 &A&j & Ja^iaaJI a^J 

: jjjJW! ^ Receiving End, (l R , V R ) ^ ^l\j jUl! aW^ ^UiSj < 

v s = \ R cosh VYZ + 1 R sinh JYZ 

I s = Vjj J— sinh v'YZ + Ijj cosh v'YZ 
\ Z 
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Example 10.15 + A transmission line 200 km long has the following cons tarns : 

Reststancefphasefkm = 0-16 Q 
Reactance/phase/km = 0 25 Q 
Shunt admittance/phase/km = 1 - J X10 6 S 
Calculate by? rigorous method the sending end voltage and current when the line is delivering a 
load of 20 MW at O Sp.f. lagging . The reaching end voltage is kept constant at 110 kV. 

Solution : 

Total re si static e/phase, R = 0-16 x 200 = 32 Q 

Total reactance/phase, X L = 0 25 X 200 = 50 0 

Total shunt adnuttance/pliase. Y = j 1 5 x 10 6 X 200 = 0-0003 Z 90° 

Series Impedance/phase. Z = R +jX L = 32 +j50 = 594 Z 58° 

The sending end voltage V s per pliase is given by : 

V s = V R cosli v 'Yz + I R ^ sinh ^ZY ...(i) 


Now 


yfzf = v >59 ■ 4 Z 58° X f) 0003 Z 90° =0133 Z 74° 
ZY = 00178 Z 148° 

Z 1 f = 0 00032 Z 296° 


V Y 


Y = 


59 ■ 4 Z 58° 

0 ■ 0003 Z 90® 

O'0003 Z 90° 
59 • 4 Z 58° 


= 445 Z-16° 


= O '00224 Z 16° 


ZY Z 2 Y 1 

cosli JY Z = 1 + —— H -—— approximately 


1+ 0-0178 z 14 s°. 


0-00032 


Z 296° 


2 24 

1 - 0-0089 Z 148° + 0-0000133 Z 296° 

1 +0-0089 (- 0-848 + j 0- 529) + 0-0000133 (0-438 -j 0-9) 
0-992 +j 0-00469 = 0-992 Z 0-26° 


sinh yfYZ = JFz + 


(YZ) : 


m 


= O' 133 Z 74° 4- 


— approximately 
0-0024 Z222° 


0-133 Z 74° + 0-0004 Z 222° 

0-133 (0-275 +j 0-961) + 0 0004 (- 0-743 -j 0-67) 
0-0362 +j 0-1275 = 0-1325 Z 74°6' 


Receiving end voltage per phase is 


V R = 110 X 10 3 /V3 = 63508 V 


Receiving end current. 


4 = 


20 x 10" 


V3 x 1 10 x 10 3 xO-S 


-131.4 
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( II ■ at\ >r ) y utl x 11 (J i .^»q 11 — ^liill L-jlull 



Putting the various values in exp (i), we get. 


V s = 63508 x 0-992 Z 0-26° + 131 X445Z-16°0'X 0 1325 Z 74°6' 
= 63000 Z 0-26° + 7724 Z 58V 
= 63000 (O '999 + j 0-0045) + 7724 (0 -5284 + j 0-8489) 

= 67018 +j 6840 = 67366 Z 5°50' V 

Sending end line-to-line voltage = 67366 x V3 = 116 67 x 10 J V = 116 67 kY 
Hie sending end current I s is given by : 


h = V F. smli Z+I r cosh Z 
Putting the various values, we get, 

I s = 63508 x 0-00224 Z 16° x 0-1325 Z 74°6' + 131 x 0 992 Z 0-26° 
= 18-85 Z 90°6' + 130 Z 0-26° 

= 18-85 (- 0-0017 +j 0-999) + 130 (0-999 +j 0 0045) 

= 129-83 +j 19-42 = 131-1 Z 8 ° A 
Sending end current = 131-1 A 


Ja^JaAJI ^ CAPACITANCE ...Jl ^Jl 


10.6 


! SJjjLZI ~ j y \xA^ Jaujp ^)&l^la $4£. Zlu& 

Ferranti Effect iyt ,Ik • 

J ■ . " ij '^ ^ UjjI S^Ua • 

Arcing Ground Jl s>!>Ui • 
Stray Currents scjUJI cjljUill • 


. Zjb j 


Ferranti Effect bjj&V\b 10 . 6.1 

jlull J . Stray Capacitance Jl t_nuu Liu ^1 jaI^UI ^jl ^ s3a 

j>a jlZI > iij (J^II j^a L<ula j^fj ji ajV ^a*^aZl j jl 5)^ j ■ xll * 1 3 a^ (Jb>U 

^Uijl sajji >_Snu5l Sir S.Z. Ferranti, in the year 1890 J-JZI :uj j ilj <, J*=J1 

xt fl-C *1 -nr. 4 I .J t-illjj 4 U,. j~' aII 2a^9 ‘ " - Z13^ i ^)A*^aZI 4j£. II j^i ^)ZI (J AII 4jc. '4 a. 11 

Ferranti Effect SjaUJI cj^j JlaZ-jl 

C-l^uoiZI jlull 4 -oj 9 jc. Jg'll Ja^J SJjLlil CjIaj^JI 4 U..J^j L-l^-uiJI jLuIl 4 -oj 9 CjJj 131 ijAlUl o3a + 
Jlldl j_lj^■ ' ^ +- SZuJ (JLoa.Vl xl o4. ‘,1 -'V. 'il ^ jjl j£^V 13 a) 1' 4jl^j (J^all 4 U>, ■■ Wjj 
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; £jl jll 

^ULj i Capacitive currents 4 a)\*a q l^ll ^9 ^)UI jLJI c ~^j*y ( vU* ^>^JI s>C^a <Jj 9 
.10-10 cs* 90 4^j1)j ^aJI <^1 Leading current LbJ 



□ C IcX 



Jl (_5-L^ iaaJl 4 _ajUL* ^^Ac. Voltage drops Jl ^ n^j ^3 .^^Jl ^n>n <. s^JI ^Ij 3 <jl 

Ferranti Effect Jl iy *Ua V r <> Jst ^ V s U* .10-10 J^l ^ U£ Inductance 


.l^j Stray Capacitance Jl 4^9 y* s^u^aJI Ja^JarJJ 53 ^ 2^0 t* s^aUJI &aa ^JJL 


L—LujIjjj ^IajjVI 431 Ja. 2 wV^ Inductance Jl^ JaiJI (J^la 4JV«3 j A^-aJI ^9 ^-IajjVI 4_xu 9 ^Jax3 4JUI 4ijlxJlj 
. ^Jn^JI JjJa ^a (_£^»V I ^A C_JjojIj 33 ^Jl S3 jLoAI CjlAj^JI 4 _xu3j SAjolJ jjJj 43l (_£l Ja^JI JjJa £xi 

Voiia^e rise = (i) V t uj 2 1 2 CqLq 

Jl ^ijlj *' a j, >ijl jc- JiJI Jn^ jU IJ '_^..yJoj aJI j^£j s^aIUI d 5& (jl ^11 SjUiVI j' ^ ~ 

. 4 J|^]| JajkkJi j* jj£i jj£| jj£j Capacitance 


j-uai ^Ic- bjJ&V\b 10.6.2 



Figure 10-11 


(J ‘-'•*1j'j jLJI ^lajjl ^__3 t \ t. „~J j. Cjj-la. jl 
J. '-all lgj£ ‘ ■ 'j ^_li! CjVIAI (jdu cJUa j£] t ^ II 

Jlac 3 r r,-, Healthy Phases Jl ^ ^Jl ^-Ujl ^ 
£^\j j& ' ~< ki.I' cjI&£. i-iiuLi Faulty Phase ^ 

. 11-10 JAJI ^ 
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JjSL_jL2 I 



Figure 10-12 


(j^LaiJ Ay>j (JS ^^Ac. (jlS (JJaatSI <2 jjA^ (JjA3 
Phasor Diagram 2! ^ US Phase Voltage 
4 \ ^jlS i 12 — 10 JS^Ib 

. 1^LoiJ (JaU2I 


US Healthy Phases 21 cjIajS* (J>U* ^y a^^^j (JI 3 * ^ AjJU Jl^qW CjjA^. Juc. ^ 

U 4Jj^sl>2I (JaU2I 42sAj A^. 11 —10 JiJI 

-10 l^22> ^ US aJa ) Phase Voltage ^Uii 

. . (J2a*JI A*_J l^iL^a (J^UjJ (^a]| PhaSe _ 3 A^. (13 

^Lojj Other two phases 2) ^ a^3) ^u^»j aA. *Uj 

Line voltage 21 
(V bn = V b -V n = V b - (-V a ) = B ba = V line ) 
a^'v J^Vn l_l^j Phases 21 $a^J ]n\\\ (Jj!^ 

. aja^JI a4^2I Iaa (j^Ujj 



^cn ^bn 

Figure 10-13 


US (JvU. 4xAaj(J aU2I 42oAj (J^Sj Uajc> AafiS Si S^Uall (JjoAJ (_y ^.^AUAS 4jJajJ-2l 2a^la^JI Ul 
21 ^Ac- ^^21 ^aA^jl G a L>o21 N a L»o21 ^y JaUaI) a L>o\ l~ A-vj-vj" <.**n-v 14 — 10 (JSjAI 

.(JSa2) ^y ^Vl C 5 ^ US (jaj^-VI (jjjjUll Ujjj VA— VG ^_^a2 Phase—A 
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(_£j£ll ; J jll C—lL&ll 


253 



V GN = 1 F Z E = V aN Z E 
Z e + Z 

Figure 10-14 Jc-V <Jaaj ^ j 


.Arcing Ground Jl s^Ua ^^5 JJ ^ La J (Jj JJI jjlj Jails >11 Ia& ^^Ja ( Jc. s-Apjj 


Arcing Ground i^k\Sb 10 . 6.3 

X\*°\ l ^4_jJajJ-a (JaLlJI 4 Jnff lj (Jjjjla ^aUaJ ^9 (j^ajVI Jc. lAg'V (Jxi'Sj Li~N JajiLui Ale- S^Uall aAA l~ihl 

Jl closed circuit (J<a^J (JLi*ll ^Lp jjj^J aj^J ^LoixJI jls phase Jl a^J Jc. (JJac. <Jjja^. 

. ^jLuJI 11 10 J<^1 Lo£ Jaj)^v\llj 4_x^al^JI capacitance 


£-lla]Ll j c (JiLoalj Jc-V 4i^IaJ iALm^j 1 *~i jl^ £.I^JI JiL Ua^» LajJ Jj AS 1 n>i3M (JjJ j 

^jiajV I j^Jj 4_1 ij s-I^JI 4_Jjlc« jjo£jj ^jiajVI (j-* 4 (jl xn Ja^JI jl CjAa> La (_)^ Laj|^ 4 j c^Lti<aj A^J V 

(jjj Lijjjj ciliixj Healthy Phases Jl Jc. s^jUJI cjL&^JI cjU^-jJ l ~ vW j^ 4iLuuJI c_js <.. 

^)iajVI ^^jJI (JJaJL^Jl 4-2 w^]\j ^al^Jl ( xJj^-Jl ^)j^aJl ^)Lj ^)>uS (^jiajjM (J^ t -^ Ju ^l *>*ij ^aJ 6 (^jiajVlj t^lLuJl 

. £jJaJI J JjJ ^aJ jLull SAjJ <. Um\ (_PajVl J&uA 


4jjl*-a ^UjjV Ia^. ]jj* k*n (JJasJI jLj (jj)^j>a LJlc. (Jj — (jiajVI 4 _a jLLa c > nu>n LJlc. (JJa*JI ^)Lj jjflj V ASj 
4Jl^ ljj| (JjAJ^ l SjJiJ (JJasJI I La 45^19 <J (J-a*JI <^S ^-oJjujJ (jl ^Uaill j^-oJ ^aJ j-aj 6 CjLsj^xJI cJa 
Asu (j£^J 5j-a jp-jJI Jl cjLjj^JI ^jjtj UalS jj^j Iaa j^su^all (Jla*JI jLp j^l 1 system floating 

^Jc- (AILuJI Jfllau Vj CjUj^oJ J j^-*JJ j^J ^jAaJI j)^)£jjj 4 ^Jc>V 4 £.IajjI^ (^jiajVI (AILoJI Jlij 
OB Jl jl LJUaj JjUall ^)AjL-auaJ jl^-alLa (J|)^V t^lLuJI jl LJUa CjIaL^jVI (_)^ LJljjaiC> Jaj (_)j (^jiajVI 

. JIaII ^Aij 
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JjS aj L_jL4I 


Ag y\\ ^IajjI 1^"ic- ^cJlJJ (jl — ^)jou]| cs - ^ AilxAaVlj — S^Uall fiAA ^^Ia 

.(Jj|^*JI ^)U£j| (_g-9 <■. \Utnj A3 Iaa JaaJI Ag'v (JUIaI 5 ^1 


(_£Aj 3 (j! 4 j]\jlSI aj^'sI) ^aa jli 6 over voltaQe A^aJl ^jajS cj^a^J ^Jl L yy^'j) 

Aj>La. (J 5 VI (JiaxSI ^)l_p JJ^)AJ ^.ajujJ AjA^ ^)Laa UaJJ ^ (JAJ 6 (Jjli^ C 5 ^ C 5 JU ^J^ (J-^^ CjjAaJ 

(JiaxJI Cjij-W ^_jj3 l^S^U. ^aJ (jlS C5*^^ 5JjLaJl Cj1j2jSa]I AajULaj AjjIaa S^aII fiAA AjJafi^JA AajULaJ J)_lajj AAfll 
Ailjj^all Ail£j <jdlljJj 6 (_£)jS jUl-v ^ ^ LjJAjojJJj 6 SAjolJ (JjVI (JjaxJl jLj Aaj 3 £JJJjJ ^jaj t ^jl!iS! 

. Ia^, AjUJjja (JUaC-Vi (Ja lAA ^3 ULiaJ 

^3 US CjIj3ASa]I j 9 >a]| ^ja VAj (_)U*JI ^) 1 jj ) g >a] jLoia aUjI ^A S^Uall fiA^J Aj^^II (_UJ]^ 

.a_xuLoJI Phases Jl caIa^Sa ^jc. Iajaj (JajSjjoj (Jia*_l] s^jIa]| <jl i~ n*v JaUaII aJ^aj a^c. A-xA a j | a]| 
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; j^jljll i_jIj£]I 



255 







<p 


Reactive Power Compensators 

Static VAR Compensators J 1 jVI ^ijxj U 4 a>U caU 4 j ^ 

SjLaI LaJ (JLaa.V) ;aAax C_ul£ (Jj 6 Sjjj^ 4_na. JLaaJ 4a.jj V 9 4jS jjll (JLaa.VI C_ul£ 31 4 S44x2aH I^c-I^jL 

Reactive _JI C^Louaj 4a,l ^xjujJ ^aJ ^j>aj 4 ^4jb-a>Alj S^-aS Ja^laaj (_)jL-aJJ (JLaa.Vi dljl^j 4 ^j_iauujJ 
(j-Q 4_1 jI& CjLix^ c > ^ ml tlaj 4 x\*N >>) 4_na. (JLaaJ UjJ CjjL-a3 C_9j^)Jall a3& j^xj £_-o Cj^J a POWef 

4_Ilx3 ^axJI Sj4a]| S4 Ljj (jV ^ I 44 (JLaa.Vl 4l4^l 4_xi4aJI S4^aj-<AI CjIaSj-<AI ^.ilaJjajJ V 43 Q _!1 
P — (jjj 5^4x~ixAI 43>lxJ! ^>0 L£ POWef factor Jl (j^aaj ^IIaILjj 4 4Jlxall Sj4all 41 _^a1I 

LqI ^Jlxall ^ic- Sj^aiS ^1 UJj j 4 9-11 ^ laa*V ^Jaioj Q curve 

. STATCOM J! S^^-aJ ^l.Vsnub jl 4 CjUVsxA) ^l.Vsnulj 


4**L.I fftaWb 1^9 11.1 

Ja^Ja^JI ^—9 aJUlaII 4 o\." .oil 4 -LujLujV^ CjLa ^ i n -^31 ^jJaxj ^jl ■ ^>"4.1 \ /jj£ ~nVI o4A ^j£. djj4aJl ^4^ 

. (4_lj I CjLgjAx-o ^ 4 ] 4, Uj/iIIj Jlaj (_£^" 4\\i C-Ua. ^\1 1 ^ail 13 a Jjjlaj 


<14.4 \ bj (^.4.1-Cd 11.1.1 

43lia]| l jjj (. . j diV^a^olij Cjl^a^al) (JlLoj 44 jj>JI jLull ^Ac. (_|axj 4jjj 4^1I S^-aV^ <a 

: 4^1 

4 _^jlaxAl ^ac. \^ 1 a x^> <^a. &3 aj (kW) JL j 4 ajj (Active Power^ 4 ilx 3 5^43 —1 

^1 ^11 (JvLa v\iLa 4j^)a.j (_£^a.l 43Ua ^Jl Lilx3 (J^ajj 6 CjlaLdil (R^4 _lojV1 

. 4-igjaa]1 4Jlxal) 5;4alL ^^jola !3]j 4 ( CjI \a\W ^3 Lo^ c^4a 
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jill <joiAiA ; £j| 

JjVn c^W^utn V caaj (KVAR)JL ^aajj (Reactive Power^ 4 llxa yjc. hjS$ 4 ajIa]]j —2 

(J-a^JI (J^Ja ^jAJj 1 nj (Jaj^sjaII JajLi'V (JvL^ (j-o j <jAJ IaIjI^ LIaA AAjaa ^ (_£>^ 

. fiAA (J-OJtl L.Jj)\Ll21 ^ L.nW \* *\\ (Jl-v j\W £.Luoj) 4 X\£ A\ 



(KVA)JL jaajj (S) Apparent Power 4 aja>U2) ZjSaW LaaI g±u UaUj) jaaja^I jaaU aacj -3 

. 1 1 1 SjAaII l ~ \\~\* \ (. 9ciyx2l CaIa-oII L£ 



Apparent Power (S) 
measured in VA 

kVA / S 


Reactive Power (Q) 
measured in VAR 

kVAR 


Real or True Power (P) 
measured in Watts 

kW 


http://electrkaltechnolofy.org/ 


Figure 11-1 *j ^ 


Electric load 4 a IaIx-g Ia j.VuL aa] <jl 1 iLvi ^la 4 4 jj yaVl ajj^j 

(jJ^jAll jlnllj a^^JI ^jjjUaj di^a Multi—meter ^I,vVu*Aj cALI ^la 4 ^^a^SII jLaI! La^lvLk jaj 4 a 
^ isuj 4 Apparent Power s^Uall s^aaII Lo ^Ac. (Jj^^^jjuaa Lo^jyja ^ ^ 

I^aV JjaA ^JJax^aA IA &3 4 VA Ia^ (J^Laa (J^IxaII Ia$3 41^121 S;AaH (j! yAlAall (jl 4a*jIa]| 4x21a (J 3 AJ 

LoAA^J jLoiIa Ia^IJ (jl SjjjjJallj jiul ^11 ~ >■ >■ jj (J}jAix*aII lAA I^aIa LA 4Ay&Ua S^Aa >1x3 

.Power Factor 3L L_ 9 yu L» aa^a l ^jjj 4 ajuia]|j 4 Q AJlxi yjc. s^aaII l)Aaj P 411x21 Sja2I l)aaj 


Power Factor 5j^\\ ^ 11 . 1.2 

IjjLaui 6 aa Oos Power AnQle Sja 2 I 4 Ajly Q _JI 0^3 P 21 ^jaj 4 ^ 3 ]! ^ajoA s^a 2 I diliLa ^a 
. Power Factor s^a2I 2 ^ 1 jagj ^.aua Li ^^3 4 (S^ 4 A 3 &U 21 s^a2I (P^ AJIxaII 4 jaja^JI s^aaII ajjou] 

a^J^II ajjjaj j (jj)^j > n SjaaII (J-oLla (jl ^>aaj SjAau^a SjaaII 4_jjlj CajI^ L 2 ^ (Jal Q CajI^ L 2 £j 

(J-oLl-o L 2 ^ Q CajI^ L 2 ^ *^2i ^ajoA Lo Iaa^ 4£I^jjol2I saaa 2 I 411x21 5^a2I L) 3 ^a ^IaILj 

S 5^1121 SjA 2I ^gllxi^l ^ja yixj^a jAAA V} 411x3 4 aAAA^» 5jA 3 ^Ic. ^£^uj (Jj^xaA IajI ^gAxJ lAAj jjAXj^a SjA^I 

4_^Ia2I S;a2I SaIaLojVI S^Ia^ ^IaajI 5ja 2I (J-dlx-o Ua (_^a*j 
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Cl jJaCjLiASj) jjuoC. L_)L3l 

^Sk^kW i^ytk 4_jj!^3I CjjjjsI Lol^a c 2 1 1 (J^joiII ^ (jL^a^JI 6 ^joij (_£A3I 4_ijjj 1 ‘lij's" ^3 L<^ Lalxu 4 ^h~i31 

^gAc» j 4 jjjl 3I ci3^JJ ^)la 4_2^p 90 4_l^|)^ c ~ )3* > ^3 1 a\u SjjjL^a ^ (jU^a^JI S^a ^j-a CjAaLuJ Ia3£ 

./jU^a^JI L 'yk SoB /_cl 


i p n*n . ; -. —* 


Working (real) power 





PF= 0 .S 5 



Figure 11-2 




4_aj^£1I 4jAxj 3I (jxolj] ^ lOOOkVA ^ 'yh^ SjAlj £JjjJ 4x\ ^\ Aa3j£ 4 111 4_ujIj^ Aac^j 

JaflS l&jAi 4JUa SjAi ( ^Ac« ^pla LjJ?^\. Ut1 *^3j2l (jli ^P.F = 0«8) (J^lc- 4fl)o^\ 

.AlUa J^ ijM >J ijM <> ^3! j^fc] a& (P=0.8X1000=800 KW) 

S^ja ^lgIj ^Ac* Vj ]j.ata d^ cJj)^^3) 6AA jla ^P.F = 0«5) \y S^^aII (J-olaL-o (j^fSj LoAac> LqI 

(P=500KW). JaAa 4JUa 

Reactive Power 4JUi j*£ 6j^aJlll.2 

(JLft^Vl CljK 111 Lai ( CjllLo c\ Cjlflj^a ^Ic- (_)<n>"n ^_i]l (JLa^VI C_ul^ 111 Lajlj j£ ^\L>. .*-»^11 I1& 

jl Active Power <Ul*jjJI Sj^aII Sj-^lll (j-° .i^Jj v-^j Lj^i uj& Ia.Vi*^ Jais cjLa^liLa ^jc- ojLc- 

. Real Power 4j«jsaJI ijM ls ^ LLJ 
J^U. (jj^j 4 <>j ‘3-11 J^ill L£ In-phase jUj]^ ^Jl Resistive Loads Jl aJU. ^ 

. Jisll ^3 Ls£ LojL lia^a ^P = V.l ^ Sj3fl]l La^J^ia 
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Figure 11-3 ^ 


cycle 


Average 

power 

V I 

v nr m 

2 

-► 

t 


Ss& i 11 j Active *Ulx9 Ax ^a1\ 4-^jIaII (_)^ ^jl (J^aII ^j5Lojj 

,4^Ua]| j £ja 5j i^jL^a g^jJa ^Jl ^Jj >lxd C_ll^2kJ (j 

e^lliA jlfl jliil] j C5^ A-L-^^aII ^3 JaA3 CjIaj^q j’; JaA3 CjIaLq AJL^. ^3 Lai 

l^tio t cjtf&Jl ilU ^ Lead jjjjoaj jLnll) 4_^jj 90 jLnlij ^_^J1 Phase Shift 

.(cAaLJ) a1\^. ^ Lag 4ic. 


cjIaLoII ilU 6J9 J £jj (J^l 4 _i^9>q ^ n«'Vi ^Lnl! ^9 ^.aJl cjjjja (Jj^aL^ ^jli Phase Shift _JI 13 a 4>jTij 

CjIa^aII AlU t^O .4-1 1 J£jJI ^ L£ £-^>11 AjILoJ ^aJ 4 _±a>j^i ^aJ 4 _j]LoJ ^aJ 

. 5-11 js^ii 

4_i3lj lA-ijJ ^aJ Sjj-lII £jj (J>L^ (^ja 4^Ua]| (jj" Aj l_aLJ) j L-Aj^aII (jl ^*'• j I3 Aj 

(J>Lk Ajj^k fix'll P SjJIaII Jajuo j! 1 q cU 13 H SjjjJI ^^juj (Jv^ t*U 3 j j£jjj 6 Sjj-JI £Jj (JvLk 

.i^Ajk^a (j^LuoJ 4 >LqI^ Sj jp 
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dll >>> jxa CjLuAj) JJUOC. — ^tAll l_jL3I 


1 cycle 


-VI . 
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Figure 11-4 cJildl ^ $jAillj jAAlj 


Figure 11-5 ^ &jAill j j ^1\ 


^^3 jyL^a ^LujJ 4-Lol^ SjjJ (J>LA ^jAna^all ^ja 4_j mxd) P S^Aill Jojuj JIa (jls ^ ^ 

S^Aill ^uuol ji CjIaLq aJojujI^j c_ ^ i n~ S^Aill 14 a ^Ac. (jjllal liA (j^L9 6 ( aLAIj c o : K^\1 

(Jj smqa e£^l Sjjj^ (_$I (J j)*\T) (Jjuai ^_p ^ Reactive Powar, Q AAlxa ^jc. 

j $ >a 4 1UHU LL]^ LAaA ^)Ax^axdl (jjj <Al>LaiVl (J>LA (l/^ is^“ <^) (_)£ 

j^Kn j z> Voltage drop <ajja^. ^ c > \ n^nn^ ( ^LjaVl jtjoll IAaj <Al>LaiVl 

Ja^V) 4_L^a|^]| til>LajVi 4 _ajULq (J>LA 4iUa]| ^ Ai2 (AjjAa* ^ lg \ Utn AilAaVtj t (JLa^Vl Aic. ,^^11 

. ^cjIaj^aII jl cjIaLAL l^A AiivLc. cilvLoiVi ^9 SjjaaaI) Sj^aII ^a Cj^Ja ^idl bats. j\\ 4JIxa 1) s^Aill ^jl 


AAIaaII shrill aJL^. ^as c 4ajLuo1I JI£aV i L_njudij aj! 4_dLaAI spall Q Jl ^Ac. (jjllaj 

(jti Q 4Jl*i ^jc. 5jjia]| AAL^. ^ lxmj 4_^2k^o L^jIj l^j£l 4 ^<uaSI Sjaxjla s^Aill ^jli Active Power, P 

l^il 4j\jvdl j) 4_JLaJI SjjiaII (jjJ j-iULj til - 5 j 11 —4 ^ lJLoj 1 ^ 4^15 ^ ? 

.^)Ax^axdl ^ n^ijl ^)jjtJ I^aUjI jl ^ UJ (_)j t 5 ^ic. 


Lq 4_ajIaa ^-Lq cK (jj^J Uijjj JaA3 CjIaj^q 

(jj?^J xt1 Q 

(JAaj 6 — 11 II 1 > ^ 

. 4_ajULqj (_aLq ^ja 


JaAS CjIaLq (jC- SjUc- (Jlx^l ^\ax \\ ^llallj 

(jj£j (jl L-AJ^xd! L-ALdI 4 liXtii^J 4jJ)^s Xtixdl Sj^Alli ^aJ j C 

U^Ao <^ 4 ^ 4_ijaij ( aIiajj Q ^ 

i^Jj^a (Ja^. 4Jajuj|^j 4 jj^>. kuaW AJIaaII 4JIxa1I Sj^aIS 4_ix3|^]| 
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Figure 11-6 


?\J& a\Va2i J±£. bjSi\\ 11.2.1 

LLlj Liao ^^jjj i jaUsJI ^ jAju L£ Sjjojlixi SJuli l^J ^jjoJ 4_IUi jjc. ^jli Ia£ 

(jSLlj c IjIj|j liUi JaaJLi ^)L<x]l 4Jlx3 jIjj (.-AJjaU ^3 Ja^jA CjjJL^. ^3 L-llx ajJJ 

(_£^gjjJa]| ^juiilaLixA]| (JL^-aII All jj 4J(j-Q (J-axl AjjojLojI 4Jlxfl]| ^jJC- 

iLaVl ^ja Sjjuilxa Sjj x «aJ (jSUj S.’ljflA l^jl ^3 ^j^ajj . CjIA l^alij ji Cjl^a^al) (JaxS 

.3JU! 


Lq vLils Ijj j3 (j-o ijfiA ( P Ia ^j) 4j^Jli 

V Jli<JI ii* ^ Q Jl J*ilL . (7-11 J^) 4_j>xli ^ uj 4^ ( Q ^il£j 

^aLujj l^j£Jj ( a\I ^^3 vHa A^j^j *Lujja1a SjS$ Jj)Vn V cjAi 6 1^x3^ ^^3 3 c-Lujj ^j£jj 4 jjxII 

. jj Jja]1 6 1 ^ xhjIiUxaII JI^aII (J>L^ (j-o 4^)aJI 




This is reactive power. 


This is real power! 

Figure 11-7 j^ sj^ill jjjb 
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Cl jJaCjLilaj) jjuoC. L_jL3I 


qa 4jl*i JJC. Spall ^jgflxi ^JjoJ LJiJ^ia Jlla cilliAj 

. 8-11 ^ c?f ^l o*£ 

^glc. (_£P^»a 1I ( ^ljLaJI £pJI -lAA-all ^1 (Jlxflll ^pJli 

I Cy^- LtfuJaJ (jl S^lajJa-a 4^jjoill (j^ 6 J 11 lalladll ^jlij 

^jj^aj V vLaj LiLls) p.j^JL !<^Lui lijli 

Jufij V 4_It*-3 SjJiaII ) p LqLqj 1.4^9 6 (4_n] ^Jaflll 
• xjj l 1 A 1 ^ ^ l^J^S 6 ^ju[]1 _LQ 


Figure 11-8 


Reactive Power __\\ ^\ii\ 11.2.2 

U . ." >Vj^ ^Jo>a Q _li 4 *\U" .,.» jilxj CjlaLo ^Ic. 4j'j4^ CjIax-oII .xj.a'% 

.cjlaiSJ! j* < 4 ^ Synchronous Generators 014^1 j* JjVl : Wi Q -5' ^ 4^' 


^(jl (j 4 oj La^ 4 Over Excited 511^. ^k (jl£ lil Q -It 4 v,» ^^£3 o 14 ^a ]1 ^jU Laic. • 

(9-11 <_4*i) • Under excited l^jjS JU ^ Q _lt a<. i^a 
Loaded ^k Q _lt 3 ^'^*...» jy*~ ^43 cj>Lt^ j (Jajti L^Lx. i_J • 

SIL (> Jijj i_8jto. l^Laau lil Q M jAj*jj Surge Impedance Load, SIL 

! IjA 1 y. aa 1 a ^ j ! ojx 3 j . L_jLil < _~-‘ Tj.Vl.x 
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rotor _i] ( ^ 5 i iKJu Uj.^ d±jl^ \\ IaI^ 4j| ^jLoJI (J^joJI 

Sj^aII cjvLoIjl-o ^^Laui j)j )^>-0 l£^*^ 5 j jj^a 6 4 _i 3 *^j 2 j Reective power _ll 4 _ajs ^IajjI <._\ u ^ 

.AjJ^a^IaW 


i^liW Aa ySoL. iA\jii\\ yk* bj^aA\ 11.2.3 


Receiving end (-a^a :uc. 51^»yi Ailxill j±. ZjM ^Lui Jiu aJUI aLUJI 


Qr — 


V s V r 


v z 

-cos 9 - -f- 
-*1 


. Jn^. ^3 (jjj 5jj)g jabftji Aljlx-ail i y S I 3 * t'fll ^A 0 ^ 

reactance of the transmission line ^ XI j 


La£ Reactive Power _JI aIOIa. ^1 ^jl Cj&^t aJLiLuJI 0-^3 
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dadlLuSj) jjuoC. Jj^aill — ^lllll 4 _jL3I 


v ; 2 - v s v T + XtQ r = o 


4 LaA.l^J ^-laxJ 4_ijlj]| 4_2kj^]| 4j^l*_-a ^Aj 


V T 


V s - v V2 - 4 .X^Q. r 


Qr = Qi (Demand) - Q2 (supplied). 


Vs = V r uj 4“ ^ ^ ^ Q 2 (supplied) = Qi (Demand) 


j! U^jjc.1 liU 


;diVld^.l 3 U L lA 
jj£j jl : JjVl • 

. L_1^Aj 


V S > V r uj£^ tt\*l\ ^ <j 4 Qi (Demand) > Q2 (supplied) uj£ c) 

dc- IJA A m ^ ll^djoj 4 IcjJjui ^Aj 

V S < Vr uj^ oiA ^ 4 Qi (Demand) < Q2 (supplied) uj^ J 

Shunt _^ ^IIxJjujj 4 4_l3 ^IC- ^Aj l A\cl i~ v W \ j^Aj 

.u^v Reactors 


! *Lo ijAjl-o 


2014 <. A-jj^a dllaLjoJI £_1 j 4Jlxfl]| ^)JC- 4 _xu3 Sj4a]| (J-gIjlxi jjuiVi (j-a 

^ic- jli I'sjxt 800 As\jJa)£\j 4 j\i I'sja 9635 4_jJaA^d<bj^ 4Jajujj3-^l 

%92 4<n.Uj Sj4a]| ^Jb ^A3 4 >jVij 4 dll^S cil 220 ,^^31 4 ^Jjoi 

. %94 J\ 


? Surge Impedance Loading, SIL mJI |0£Afr» $AW 11.3 


Self-Capacitance 3«_ v ui w cjUj£« J%l <> Reactive Power Jjj Jidt Jai. jl 

CjIsj^aII A La■ d -v aII Q _]1 


, /cF 2 

MVAR ( Produced ) = —— 

%c 
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jill <joiAiA ; J jll c_jU£]| 



Jl (J>L^ jA 1^11 L_±^U^aA]| ^^nl^UiL^I (JL^-aII JJ Reactive Power ^^* J JaJaaJI &Ja 1 )>>>jl 

.I^Xl c^Lujj 4j 4JUi jJI SjjiaII aiAj t JaaJL 4_x^aLaJ! Self-Inductance 

J li$a Q (used) = Q (Supplied) jj£j l^cj 

2 ^ 

,X ^T C 


x L x c = — 


V 2 

p 


(jl Ig-iAJ 


4ijjxJI 4ivL*JI c. (Jju^aao 1 ^_1 a j 


Surge lmpedance=Z 0 

jkJl 4ijU^ c±i\£ lil VI V Q (used) = Q (Supplied) jj£j 4i>LJI iJLaJli jil 
(Ja^aj I a\\) (jAill JaJaa> ^jl 600 — 400 j^ I^aj^ ^Ijjij ^^JIj ^ C/C Impedance Jl ^- a^g j 6 Z 0 

.cdUSIl J fJ i 60-40 Jl 



(_^Luij 4Hxu5 c_ul^ JaaJI ( J Pure resistance (jAa* IgI 4_3I JI^^aII Ia^J 4_JaJI 4 jaaVI^ 

jjj j.juc. Jl LaLaj IjjLoia (JaJI juc. A^aJI jj^j^i Ia.Vu.°i )^\1 C^C Impedance Jl 4 _ajs (jaaj 
(Ja^JI jA L-Jj)^ xhaII ^)LiJI 4 _aj 3 jj)^j>n 4 _SlaJI a GA U-ajlj . A^aJl ^^9 Ja jjA J 


|V| inkVs 


i4i = 


m 


V3 * V(z7c) 


Jj Ia^ SIL Jl 4_aj9 Jc> Hti J3 1/ 4JjLuJI *UgIx-JI ^jja UjjjJa li|_j 


S/Z, = V3|V| 




V3 * 7(z7cj 


SIL = 


m 2 

Two 


MW 
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Cl jJaC jUIaj) jjaC. <_£jUJI Jj^aill — ^Ull L_jtll 


SIL_\\ 1 \j> i «X >Jt 11.3.1 


(_£jjuj ^lliaj V Culfl 4 4j^juaJ 4-ilc- V^l ^SjJli 4 (JjxjuoI) ^joJu^ol (_£)jS 4 aaAI 4 J SIL _U JIaa]! ^jll 

11a 4jaAI Ia3 .SIL _JI 4_ajS 4 -^ L and 0 _JI ^^IuuSj laaJl ^^ li^AA 


(Ja^j L>a.\1 (II aS\ ^a^IaII 11a (jA (jApj C-u^. . 10— 11 i^-C ^\^\aW ^ja L" ^i^l 11 a 4_jaaI 

Ja^j la ±A\ 111 Lmj Q cr k*j <^1 Shunt Capacitor aJ\£ Ja*j Jail! j! ^^lau ll$i SIL ^ Jil 

.UUa c > ^ 4 j| Shunt Reactor 4 _jlS (jA*jlaall <jl alia^AS SIL _ll ^ja ^>j£I 


450 MW spii (Ja^j laall (Jja^j llli SIL = 450MW 4 J laa. Lj. 1 <jl (jiajjjL 10 11 C^aII 

( ^j]| HUaII IaIaj ^Iaj laall CjIajSa 4_lajajl^J S.1 ja]| UIxa]| S^aII (jl ^a.1 ^"i* aj 1.1^3 Liu>i11j 

AjuoAj .IjaIJ e-l^jaj^ jJb^aA (_g\ ^ja Q L-iajk 1 ^tlaJjai laall (jli AajaII oIa ^jc> d-lAalU j|j llli 4 laall 1 

. US S^C'Luoa CjIaj^a ^ja j)\ 



0 200 400 600 800 1000 1200 

MW Transfer 

Figure 11-10 Power Limits according to SIL 


JJC. Spill jjJiAj llaJjaLJ CjLLoia^j IxjjolJ ^jJaljujJ 4_j| 4 aSiUI C*joia1 4_Jjoi11j ^)ll I1 a AjaAI j^LTI liA <jaj 

bC$ a. (jl^j 4000 l^Laj 1 a La.\ 0^0 Impedance _JI <jl LUap (JHaII (Jj. u ^ ^l »-3 4 Pj) 1 L>a 1 I 41Ua]| 
^*j;L> jj^aj IajI^aI cjuc- dji Operator 11 ^jli JlilLj 4 SIL = 30MW _JI <jl ^pau l^a 110 kV (j^Laj 

<- > ^ i aJ LiA.ll dA JULj 4 4jj)a! 1 SIL _ll ^ja (JsI ^ic-l LHa ^A JAj 4 4-LiAao Ajjoij 4_Uti*\ L>a. 11 d^c> 

. Lul I ^ WiaII LjIj US 111x3 ^)JC- ^ laxJ ^al 
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jail <joiAiA ; £jl jll c_jU£]| 



<ULu y* d>.yJI qL a$s* 11.4 


l^-La (Jj^a^J 4_c- jjlLq CjUjaIj S^-^J L_j£^}j Ujli (J-<^JI^ ^j.'u.oxJI jjjj (JaUI Ja^JI ^ Ac. ^jjjojj Q Jl jj-a V«4 j 
(J j^al^ll JaiJI (jl (^*-£ U&J 6 SjJJI j.lx-a-0 (j-a l^jlc. (Jjj^a^JI (j-a V-^J SjjojIj-q (J-a^JI .lie. 4_aj)l)axJI Q Jl ( ^Ac. 

^Jl JiLjal . Jl^aJI ^ Ja3^JI 4 K Ji<a jjjoi^JJ JtJLj JaAS 4Jl*jJI SjJJ] L ■«oi>«o's*a ^ n^jm ^J^oaJlj j.(jjj 
. (j£^l (Jlx^l 4 jA*j (j^AJ j-aj S = P (Jjt^Jjoa IJ&j Q JJ JAxiIj IJUa-a Axj ^J ^.Ix^a-JI (jl 


jt 4 Flexible AC Transmission System, FACTs _> C5 -<uujjL ^ ^ cj^L ^ 5j 

CjIAx^q J^VwJ ^ic. JLcUxj 4c.jjIa yYj CjUjAJ 4C-^oa^a 4JaLaUJ 6 4_j-JI JJjL<JI jIjlJI (Jaj 4^g jiaLa 

LujLujI ^Saall C^l (j-o SjjJaiLJI l-lJLujI SCR Jl (Jj-o high Power s^JJI 4_Jlc. 4_ijjij^AI 

cjUa^-xJI (jjj Phase Angle _JI 4_^uaj X Jl 4 _aj 3j 4 JI*jJI s^JJI 1 x>»jl ^XvJl 4iLjaVJ 4 JI*a1I SjJJI 


^ Q __\\ 333*3 P — 333 * 03 ^^ 11 . 4.1 

(Jaj JaaJ JajaiJ-a 1 2 — 1 1 (J^juJI 


n 

v, T 

11 


Z = R t jX L 
R JXl 

VVV^-rwiM 


•m 


Xc 


Xc 


-Q 

A 


Figure 11-11 


A t i<l e 


:4_JUI CjV^I*-JL (JSlqj (JIa^VI 


p s = 


V s x V K . „ 


Pr=- 


X L 

%x]4 

X L 


-sm 6 


sill 5 


72 


Qs = 


y s —v s v R cosS \ s 


X L 


-V R +V S V R cos 5 V R 


X L 


x c 
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^AAlxiAl 3 d dll dadlldSj) 3 jud <_£ 2 _ 2 l Jj^aill — ^121 L_ll 2 l 

dlV 2 jl 2 I ad 3 j*J 

4_ajULq (JIaAL^ 3 Idjlt-tda 4_L^a|^ll SjlA^ 3 ,'U.oxAl 3 * SpL^a]| aAIxaII 5jdftl\ 3 ) — 1 

Qr << Qg ij'V ^Jj^aj^ljj SpL^all aAIxaII 3 d SjIaII 3 JJ (3^)3 2ld 3 I — 2 

IjAj X/R Ajjoij ^lijjll JajiadSI ad J)jdj d JajJadJI ^Ac« AAj jJa dllALoixA Q 21 (_]aj 3 ^x>jV — 3 
All^d^Al !“ X 1 "Q 21 Sj_u^ 4 _la^ 3 I " Big Sink 1 ' d^L-a 1 ^jud 2aj2adJI 3 I ^*i»j 

.Id. Adutda L jA2l S*l& CjjL-a ^Jl22j Id. S^JJ^ Aadll ^3 


dlldAJ ^1 


3A 421*21 3d ajdAl 3d!d^]! 3I 4 JLilx 2 l 4 )a*svL 21 ^Ac. cjjjjj — 4 

. (JL^V 1 Aa Iaj Ad 4j\^\ x> dllda ijx-2 


: CiVii^iW bikJb ^ <_ad>\ 11 . 4.2 


(21 A 3 2aj2adJI lA\"\\ 2-^d2] (J}c)>.s-i8\\ *3 W \\ ^Jj (Jj^a2 Ajjj^dll SjAa]1 3 a AJ^AdA) S^AaII aAld) 1 

|ad ^dtJ I2 Aj . 421*21 3d. SjdlL 1^ \xaV*l 3I 33 A3 4 221*21 SjA2I ^Ja 2 Ada doj^nd 1^ \* 

.Aivld^ dlvlx^a 3 x 3 Lb JU * a jj V ^ ^Idj A3 SAjA^. Aa^iad AiildaV 4a*A^AI 

. AjAddxAl A^dJl Aal2 Ad (jjjui^j — 2 

. !>lla Phase Shifting dlV^-xi a-LaijV ji^IadaVl (J 3 A S^AaII CjjjLobO ^dAl — 3 


aJ^axAI SjAa] 1 ^ ^d2l AjojvLu^ 4_jj3-cj ^aLouS AAjIxAI 3 121 CjIa SjAa]1 (Jaj Aa^Iad l_j£jj a) 4 ^VI ad 
2a 3 ^ 1^11 ad yf- 4 J 3 AI 2 I 221*21 3 d 3 d]I ^ ^XVTi 3 I \ g idaJ 3^221 3^ JUJ c AAjlxAl 3 221 34 c. 

. A_iJ 34 £]l A-^iadAl 3 > 3|^dj4l 3 -a djj ^aJ 3 -G 3 


Parameters 21 33*" 3^3 V ^^3 Aa^Ld.3 di!23-Q 3^ ajjaIaAI ^J3^H A-^JadAl 3I ^3 

l_u£j 3 3I l^Aic. 3I ^Aal^ ^j 3 3-Ad 3-0 VI Phase Angle 2I3 a23I3L2I3 -a^-^AI (Jid l^j ajjolA^]! 

f l^ddl £* U1 i dj^AAido^ ^da]j|3 dl 3 3] ^Idjj l w As\^\a 33-0I fid JSj Slid. 

Id 3-G3 Facts 21 Cjllx-03 CjIiIaj Aki 1 nlj IdJ3j£ll 3 ^]j ( aldV 1 3^ 3-iAdj 3^^^ 4jjla21 S}4^V1 oAa 

d^jdAl 3U21 Ja2 4^3x 21 Aajla^ll j! Flexible Ac Transmission Systems ^V 1 ci^ 


^<y"A \ 11 . 4.3 

(Jjjjuj (^jAc. l^d .l^JidLajI Ajdcj ^21 S)4^V! 3-Q ddAI 2ld ^ ^^221 cdldVI .drA3 


132-21 
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; j^jljll i_jIj£]I 


: (Jl 4 AjaiSj Sj^aI _i 

Synchronous Generator .1 
Synchronous Motors .2 
Shunt Reactors .3 
Series Capacitors .4 
Shunt Capacitors .5 

:Jla FACTs —S' c^±_ - -2 

Static VAR Compensator, SVC .6 

Static Synchronous Compensator, STATCOM .7 
Static Synchronous Series Compensator, SSSC .8 
Unified Power Flow Controller, UPFC .9 


-1 

Phase angle -3' -2 
X 4Sjl*-ll -3 


4jUjj Jl 
CjLja jjlJ 


JLJI Jll J ^Vt'l^ 1 g Vj AllLJI 4 _*_ujJI SjJM (jl (Jj^aJI |jlA J 

: ^A I Jc. Jiaj dJJj c AJlaJI SjJi]l Ji J^JI Jc. S^Jill laja'V 


. Reactive Power Compensators j! "AJUill jj jJI 


J£ jA^J 4 jj-1sJI 4_uajII jl jA (9 (Jl 6 j* ) 4 jj^JI SJJ/I 3 (5 Jl 1 j* ) JJaJI SJ^Vl j^J jjli 

JyJMl l-uILojVI jpo (Js! >JbLa j lJI^aVI 


. AJLlLuJI 4 _*_joJI CjJ>U CjJjoAj 4_jJaJjal Lo I JlA ^AJIxaII JJC- Spill J pJ t tffo 


dJLsuJI djJdJI ^Jd (jd ( 0^*11 tu^ddhJI 


: 11 . 5.1 

4-i}p£JI 4 ^Jjui]| j-o 4_llx9 ^)JC- Sj Ji CjI JjJil L_i^j >jjj p j-aJ Jl j-G (Jsl JjJll ^3 Field Jl J jpJ 

l^j ^JUi 5 j2i3 cjIJJI j-aj ^gjt-iiUI (j-o ( Jc>l Field Jl J cJJj-JI sjl jJ j Jij 

circle aJJI Iasj Jj^JI j Jij LJIj s^j.w a I^a^Lqj ^1 J^-JI l^Ja»j pill AJlxill j Jill jfllj t a^JAI 










(Ja) ^gAau 4_lb2 jjc. jaa! jj£) cjl 4iLja! <. ^^jUI 9—11 J}S^j aIjaIL j^aLkll di3Qr3m 

. u^l JW ^ jmj L_JjLjoV) Ia& ^lAVunlj Ia^Jj 4 a 1 j- 2 I JjoAJ j-S 4 JIxa 1 I JAa 2 


:Over-Excited Synchronous Motor IlA>A\ cA^A\ 11 . 5.2 


li^Jj . Unloaded jjc. jSlj Synchronous Motors ol^p-a jc S;Lc liJjJI 

l^_i j-jiU. J j '.. Lgj lal.all ^ ^ jjIjj V lA Jjj ^_lil aIUlaII JJC- jl l^La 5 J ‘ir- CjIjj-g 

jj£j 4j 11*J) ^ oKMl 1 ^jqxj j£l j 6 4c. Lm t. sns-x\ SAaI 4j>uojV 1 l^JjA5 j-a jj£1 % 20- 1 0 ja Ail jj Igi^aj Laf£ t 

.4jjAa2l 4jULa C I^JjL^JjuoI c2aJJ l^JUaC-l 


i j^<A' ^91 q\"*v ^ j^l LgLgj 4 A- 2 jj- 2 I cjIa 1 j- 2 I 4 _u^j 3 ^9 4 _jjuij Synchronous 21 ^jill j-a <- 2 ^^.^ Ait a^v 

P c^W^utn V ^ Cy*3 (J^-a^J (^2 jjc. 411 : (JjVi • 

^XVn j! 4 j 3 ^£aA2! jJjia jc. (j^AJ (JaII 4J ^joulalaLxill (JL^-x2l ^^3 ^^aAll 4AJjla jA ^jtjll • 

c_j jLuolj Sjixja 4 ajAj j 4 JUi jjc. jA 9 ^joj ^cjjj V j 4 ^ ^aJ ja j l^Vnj ^^All VAR 2 ) 4 j-g£ ^ 

Contactors j! CBs Jl ^-lAau ^aI! Shunt Cap/lnd J! j .&. ^ ^clij qA** jj^uII 

. 4 -<aAj 2 l j-o ^jiAi j! (J^.Aj ^^All l" \\o\A\j l" \\o"KA\ JAc. ^ ^aoll 


^gic. Sjvlc. 4 (JAjIajI) aIjaI) j-o jjAAj jj£) CjLlg^ j) ^£Aaj Q ^cAjj l^i! ^^Aju P A^V 1^-a.lAli ^Ac. j) 2a^.V 

. P and Q ^cAll ^gAll 4 jAj1aj1) <JJ^£1) CjI2j- 21 j-o 421 £j (Jal ^_U^aj3 j-ali. ^aJAj^aJJ ^Ix^aJ l^ll 


: Shunt Reactors ^.\iii.i«i\ 11 . 5.3 


jj£j Ullc. ^lillj sajI^II 4]UiU jjc. jaaII j^aLx^aj-2 1 ^i^a j ^JIjlII a^-^JI cjI^-uA Roactors 2) &aa ^a^jjoA 
JIa^VI jialAaJl 4-1 j jla 2aj)^^v jl Cj>ljl£j| j-o cJl^ 3 ^ ^- 3^19 Capacitivo 21 ^j2i ja 

4^jju2I (^jAc. l^lix-ajjj Shunt Roactors 21 (J2o 4 _Lijuij (AIUa jfli ^2Li A^_a21 ^IajI c > \ u*rn ^j jaj 

^9 4_j^£al_^, c AsYsa CBS <. > n < jj] 4_^l_aJI 42jJall CAA c^ narJ j£j 431*211 jjc. SjAaII CAA j-saL-aJ-aV Cjli jVI 6AA 


A^V ^^.Ia-q (Jj^aS 4 -sjVt 4 JIxa1I jjc. jAaII ^ ^ lijjl c"vWj AS 4_j| 4 c2ll& j! c 4_2l*JI Aj^aJI 

(J^joli l^Jjj^ajj jAj ja2 (Jja2|j .4_xiAaJI ^12 — 11 Shunt Roactors 21 (Jjj^ajj (Jjs (JIa^.V1 

.(JIa^VI JjiA L-Ua. SAAxj-q (Jjj^ajjj Jx-saSl CjUIajJ tla-jjai Cjj^. ^jIa 















Figure 11-12 Shunt Reactors 


; Series Capacitors 11.5.4 

4j5iI£L<JI X J! ^ Cy*3 ^13 11 ^a ^lc« L ~ s-^P 

CjIa^a]| 6^A (jl (jjaAil (J^lal 4iLoi-a] (Ja^II Jj|jj j)\ Ja^JI (JjoAJ ^aLo]I Jjljj 

^jju IjiAj bSiij £a L^jjLjjIj IjJ^la 1 - 1 >■ n SaI^oII ^UIxaII S^JIaII ^jl ^jju C5^ ^ ^ *• ^*J)^ 

• ^ ^ U l ~ 

Shunt Reactors ij lkn U* (, flJfl'sN (JjaVlll £-A Jl^JI ^ ^Iajj! cijj.1^ 4AJ^Ul fijlA C ^ narj 

CjVLvJ c^IUa (jl L£ . cj^LoiVl I^A 4 _iaAI ^ja (_)1aj j ^JjaIaII Sj^aII (JIajjoi ^xlalL I^Aj SjA±uiA 48ks -aj 

. 5 j-ga^ aJIc. diljLp Resonance s^jj£ 



: Shunt Capacitors _\\ ^i.L«i\ 11.5.5 


. 14-11 L&JI (j 1 ^ S^)^3 l^J 
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M 




SupplySide 


Load Side (Induction Motor) 


Shunt 

Capacitor 

Figure 11-14 


IaJ 4 JaUa1) ^ US ( *_a L-Lujljjjj A^aJl ^ Ia^. 4_juoLud^. jjc. SjAaII <j jSj liAj 

IaAj CUsSU! fiAA SaI^UI aJUflll SjAa]| (jAaUkjl <-** vw J k ^ A^_UI ^j>>1o-v \\ AjjlB 4 15— 1 1 ( *-a 

US cj^LoiVi IU ^ jjln^v c__uc- Ia^B (jAj t a iinA"i' (jAaliUU Ak. 4_JU Q Aj^j <j^AB t Aj^jU (JjoSc. 

.^jLoJI l-j^LojVI ^£-3 US a_Ajli CalljU (ja^l CAjA^. 4_iSjaui j! 


US Switching J) aaUc. a^jVi a^J) ^ ^UjjVI (JaVti a_^UJI l-j^UVI )aa (_£>kVI aiSjouJj^ 

.15-11 ^ 


Mvar = 



Figure 11-15 


d>4*II ij* | - < "" H FACTS ...Jl <>>&*) : LyU 11.6 


^__3 CjlfiLa 3 Ca\M* ^_lc. (Jdi>"n 4 j2jIj-J1 cjjILluV I ^)C- j 1 CjlkjJi A lv> aII ok 

ac-jj^ LbJ juz>j t Capacitive/ Inductive Reactive Power ^hjl ^k. spls ^ <>j ^[5 cij 

(_jc* ^jj Q Jl 4-1- k ^3 (jV SjUjlli e-l^ui ^3 jjju Aju^uJI ^ -v", .Vlj ^ 

4j,:u 1&I ^Vl ^ Switched Capacitors Jl (> ^ 3 SCR - Control Circuits 





























j£ll ; £jl jll 
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fi^A j . JiJjiLa]' jLuJI (Jflj] (_^l FACTS -II 4-o^lilo Jj*■ <a ~ '~~~ ■ j. V- ^A AjUjII 5^-^-V'j 



Static VAR Compensators, SVC ^liViW caV^^-W bj 4 ^\ 11 . 6.1 

(jj£j j ^1 c Shunt Capacitors (_£)lj 4 ]l c ~Facts Jl ^4^1 JojoiiI 

^ ^ l*-a 1 jl 4 jai15j]| cjVI^AI (j^yJI ^^jl 4_L-aj-G Inductors 

. ^Jl^-lj 4^0 jSJw^Q CjIjjJjuoJjIj 4_Iajuoi^J Ajjolj J L&^-Lq (_^V (J_U-aJJJ CjIAaC. £.1^.1 

4j>Ij 4H^j SVC Jl ^ \U> l J 


1- Thyristor-Controlled Reactors (TCR). 

2- Thyristor-Switched Capacitors (TSC). 

3- Thyristor-Switched Reactors (TSR). 

. 16“ 11 cJ^JI ^ ^la ^gjUlIj JjVI (jlc-jJI j^AaJ 


X 



. SCR Jl (Jjj^a jj 4_^p ^a^JI (3i>^ (jc. Roactanco Jl 4_^ua ^ ^^Jl ^jjj 


c > n^n ^gilaJI ^-aJI < ^Ac- S^jailxa £_JaJjoij V UjV 4 ^JjuJI j SVC (jjj 3^ 4 3^3 S^cjjjJa Ja^V 

• oVI SCR Jl S)4 ^j I^j Ca*j ^1 jj^tJI 4j4 


.Aj^jjlxJI ^laJI .l^aJI CjUa^a c5*^i C5^ CjIaj^q 4x-j^o^J 17 — 11 (J^juJIj 
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Figure 11-17 HV Capacitors 


:SVC Jl iIja Uj| (_£^j (jl (j^ajj 


1 ^-jJaj ^)JAJ i t Un'v 4 _S^_joU j Ij^jjLqjj! S^aslLo 4_xufl]| — 1 

As\^\a OB 4^,1^. V — 2 

LbJ c j£ AJJ Thyristor Switched Capacitor, TSC JXl ^ aI Ui jjc. ^ jJjj -3 
Thyristor Controlled Reactor, TCR ikJ$j jjc. spall jl^JI ^ 

( Flexible ^Vl s^*ia X ca\£ jJ L£ dl^JA^al lgj| — 4 


: g^JI 11 a l_u*j (j£J 

4i&JI • 

4_^,11a]I Inductors Jl^ cjIa^JI i t un\ ijJJI 4 jjj, wx> • 

.l^-Ld (_)5 j JtJLj ^alikjlj Capacitive Jl 4JUi spall jjIj • 
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Figure 11-18 : SVC ±250 MVAR in Brazil 


: STATCOM 11.6.2 

jc. jAj 4 jpld) SVC d jj^kj Static Synchronous Compensator 

6 Gate Turn Off, GTO ^aj d^J lc^ Jj ^UJi jjiuojjdl V Inverters 

V9 CjLj^g V La LjI ^A dL (j-a t (j-a gjjoj! I^A ^ 

^jj { hfa .4JUi jjc. cjIj^ giij di^ll Reactors 


5jj» x^o cjLjUaj Cr*) ^jLj j l.^^v 0 jljj i**n^j Inverter _JI ^9 ^a La s^£a]| 

4 Lag 90 J Lead 90 LI jj^jLII j^b Phase angle Jl oj^ d JV (cAMJ! 

cjUj£o j! (JjAj Capacitive or Inductive a 1 Li jjc. S;ji ddt d! cr i*j liAj 4 19-11 
jLua I^-Lq (j^pJ Cjjp-a S^-dl fijiA ^glc. cjjjjj du^. STATCOM J! ^aVI 5 )-dl ^^A ajlAj .CjULq V9 
(j-a %12 (jc- dy V L lS^) Cjbsj^o] V9 CjULJ ^-L^J V du^. (Jil 4 -a>Lud *dLJj^ 

( Inverter J! spb JL£I u <j£]j 4_ILi jjc. S;^i djj ^pa^u c-ud La SVC J) c±jl£ 


275 









Un 




Figure 11-19 STATCOM 


sjja^ s^aj t Capacitive Reactive Power iJp lie. jfc j V 4jL LbJ 

. CiUiuLull Ilq 4-o.ilJlj 


; Static Synchronous Series Compensators __\\ Sj^aA 11.6.3 

STATOOM _1! LqLgj t SSSO cjLj3^xa]) 

l^aJ X _JI ^nxj (J-OXJ (_y*2 (20-1 1 J&i) CS - ^ U jJ 2J 4^Jjal]| 

Series J! ) ^ j^iau J! Ja^J) yf~ Al jiL&JI SjSsi\ jyS^Ljj 

.£juoj! <=Lq1^jjuj1 cjV 1 ^ a<\ (j-oj spU! jLJ! jLnll jjtb V Aj) Capacitors 



sssc 


F/gwre 11-20 SSSC 



































Unified Power Flow ^aL« 11.6.4 

Controllers 


(j>l5 6 (21-11 ^ iS^ c£> I^JC. SjLc* IjiA 

. Wj^\l 5 j4a]| ^jLjjjuo 4j_bojuaJ C-Ss-La* li& >1^ Cjlj_ua £A2U 
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UPFC 


Figure 11-21 UPFC 






















I lk=£ 

(SUBSTATIONS) 


□ 



(Jjjajll < ‘ '1 a 'Laic- 'LajLa ^ ^■.V.T- — Clllljll 


jlAI 



44^4 12.1 

. 4jjUaSI *Lo^laLa (JvL^ 3° ^Slj-a ^Sl 1 _^Aa3 ^»jj JaSjaSI CjUa^-G ^9 S jSj>iSI 4iiUaSI (jl ^ ^Sx-a 

• Substations -SI _$i 4 aa^£JI (Ja^aSI caU^^^ ^a ^UjjSV'i^si ^ja caU^a ^aI j^i^ 
pmy ^ (Jj^liUS! 4 jIaxu ^a^£JI ^ajjaSIj 4aa^SSI 4iiUaSI (JaCaLLx^q j\\*~\ jl j^aij 

J(_5-^ J-<U*A p-LjaC-Vl fiJA 4$IS (jl V| IAjAC-J ^aL^sVIj (J^jV^ (_£JaVI J_^2kj 6 jLudjVI 

JaAjA US 6 ^saaII Ig aoh-v ^\1 4 aa^SSI 4iUaSI Ja]ja CaUa^o ^jaj JaAjA (Ja^aSI CaUo^-g I jS^J 4 (Jj^alUSI 

. jaSjaSI cjUx^-oj (JUaVI jXajja 

ja StGp Up S/S J 4 ^ ^ (J-l^aA l ~ ^ ^ £-UoaI ja JaV (jlSs (JUaVI (j£> JaSjaSI l " A ]aAi ^ Ax a] ]^)laAj 

CjLLx^q 3^.1 J £gA ^ StGp Up S/S) CaLUx_aSI 4ac^a 1) aJAj 6 ^Sx-a ^A US 4iiUaSI ^9 JAftSI (JaLja (_)a»l 
^jAajxJ 4 -IjJSIa (_£^x.i ^j^Lq! ^9 Ljajl ^JUSI J^_xJI CaUxx^i ja JJc. ^Jl ^JlxJ) J^-xJI JajJaAX . JaSjaSI 

4oh-v 4aSUSI J^aJI CaI j CaI S*1*\ a\\ j AA JaAJ (iiliA fj . JUSI J^AsJ! CaISajuJ aJxjojI^J l SLA Ja]jaSI CaLSoax-g JaAJ 

. SJ^j-gSI aSajoiSI ^ajSaS 

J) a£iA) j^^JI ^ (jnsV^A j±£LiA ^jaa JaAjA 6 500/220 kV j^ Ja^xaSI caII^^^ <jli JUgSI Jaajuj ^^1x 9 
Transmission Ja^i cjik^ ^ ^11 Ijaj 4 ( c_9 220 -Si 4 c_a ciS 500 

— 4aaI^A ^1 AjjJajI — (Jaj ^AjJa ^jc. ^j>ix j]| 1^ i>>ix n CaUo^x>II fi JA (Jj^aAA c & n^v i SubStatiOnS 

4£aAJI (JA^£a] \ju& JaSjaII CaUoa^ Jajj ^A ^^gjoiLoiVI IAjjJj 6 1^a>» ^1 (J^.j]| ^Ijjuo 4iUA! (Jail 

. C_jIa£JI JjVI (_jj^afiSI ^3 l^AC. I Jti\ sj^^SI 

_SI ^A (Ja^^aSI CaI i^ja ^)^l ^^A ^.LoiaI <- - I J^J Jl^VI (j-Q 4 _AAjaSI ^SaliASI SjSjaSI 4jUaSI ^ajjaSj 

sjid ja ju^Vi c> aaajaSI Jfj^S' caU^ ^ ^aSI Ija qa ujj^sIj 4 Distribution Substations 

CaIjJxaSI (ja JJ^ JJc. Jl 4 S^JaSIj ,^>SI 4aSIc. CaIaJalaSI ja Jj,WJJc. l^jlc. 4_LkljSI 4iUaSI ( xajja 

. ^)a£I 4a3^x^. 4^Luao (^AxaS 4 SjJaSIj J4aJI aI^^jIa 


Distribution Substations l$i L±J ^pSl^ Ja^aSI caU^ juJ^\ ^aSI ^ 

^ajjaSI ^aa j 4 ^a&^Lo j^-a. ^1 Jojuj^aaSI j^^JI (J_^j ^uSS^ (JLa^VI (3^1-^ ■ sj^^j-aSI CaUo^^SI ^Aj 

-1 12 (JiuiSI US (j j^l^u t ixtS I ^^ic. l^La 













jail ; £j| jll L_Aj£ll 
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Figure 12-1 lAlp^II g'ljjl 


Transmission S/S &±*Jb\ 12.1.1 

£jjj 4 iiUall (Jaj Cy jll u Cjb (JaaII CjI^um Jojj ^1 Cy-* 

4 500 kV -11 4Cn S^jailxQ Juljj CjI cilU& <JHa11 (Jjjjoj ^_Ljl9 4 4j^UJ 1 ( t iui\ CjWhTII 

Lo^-Lq 4^jjoi ^9 Uj.^1 U’ 1.4&J 4 220 kV -11 4Cn S^joiIaa Jojjjj (_£^»1 -lil jj CjUa^A c^IUa^ 
Uu9 4iUall (j>i* jll l^jJaaUJ JaijjJ CjWhTII a.1^9 111 j . LjjLuaIa (jl S^gjjJalL ^jjojI S-llj-all 4iUall 

(j-o cjUa^li Jajjjj clu^. (Transmission substations) cfcli cjIL^j ,Vnj^ cAka^li 4 

.(J^ill Jajln's JAxj ^jll 12& 

Power _li ^ ^211 Phase Shifting Transformers J oA Jfcl! 

l 4JjIsla 11 <- > ^ 4^ iijSial! 4^Uall (jli Ia^ 9 . ^jJO^Jjuill ^jjjLa FlOW 


P = 


VlVz 

X 


sin Si2 


(jilla^-All (jjJ 4 j jl^H 4_1 jAAaII Sj-IaII ^9 ^X^Ml (J^Aa -4^1 <jli 4J^1 jla 11 ^jJalj Ia^ 

Phase Shifting c> ^ J oA A « Power Angle JU c pJl 512 ^ 

. (Jjj) V^ll CjUa^-A ^l^^l t> >1 li^a . Transformers 
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CjI a jjc* ^ui c> ^jIaII (Jj^aall — Cliltjll l_jIj]1 


AiLi- k\l*\ 12.1.1 


" 500 S^aIaII" CjV<)*s a 4 la*\ a ^11 >lla ^)lail 4 oh-v ^11 A^ -v 11 CjI j CaI^JjoiII Jjj JaJ^)ll CjUa^ol 
cJ^j^a 4 £>AA c (7-1 (J^ 1 ) (JjVl cjIJI 4j1.1j CiCa^c. ^^jll Sd^l 4 ^jjoJ! 

CjLq 1 j£JI ! ^A JliljJ Cjl ln~\ <a ( XJj! (j>a 4_9 d 500 ^ 7 - (_]aj Jajjla'V 4 j-»-v ^11 &AA (_)jAJjuoJ <-** 4 500/220 R\/ 


Alljj l^J (Jjia] (JjC jUoi^ £^<a 4 9 4^1 500 > cfc -lajiadj JaJJjJj 4 S^aIaII 4jjIj ijillj S^jdl (JLxujoj 


4dlCi ^ja uJa ( *_Aj a£)^1 JajJadj JaJJji Ld 4 Ja i^ILajujj jjuoIj CjUaa^ (Jj-a (_£^dV 1 Cjldldll £-a JaJ^)ll a\ (j^l 

<jjj JaJ^ll 4 jml JtJl)j 4 (dljj 4 la«\^ ^)Jjj£l — 6 ^ 4 jAxU*_xJIj ^a^Jl (CjUa^a (Jld 4_9 cil 220 —11 


CjUa^Q Lo^-Lq ^j 4 flip's <a Ag'v Lo^J i 4 jj>^ ^ JblLj * 220 kV JI 5 500 kV Jl 

.ALq A-Jjj 


(JaC> ^g_lc. 5 j4a 11 ^uajitl ^ ^ 11 (JjoAJ £ja CjUa^a JJ JaJ^)ll (Jj^^jII CjUa^a ^)ljjl J3j 

^jll 1 _9 d 66 —11 4 ^Jjui CjI l^vs a ^ja ^jjj^ ^3 Ld 4 4iLlx^all jl <JUa£-Vl <Cj]jj3 s-IjjI 4jAxj11 CjIjjIJLq 

S^Udl CjI la*s a\\ ^ja AAxi Jajjjj CjUaj^Jl ^ja ^}lid AaC (Clia. (2~ 1 2 (Jduoj ^3 L^_Lq ^Jx-^a c^>a. laJ 

. SjjuilxQ dljJ 4 aj JaJJjJ ^jl S^jjjJallj (Jj^jI j 
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Figure 12-2 

y ■■- ■' —3 *2 66 21 4 ',- 


«> 
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vllLa ARDY 0 -SI c C_u^3 c_9 ciS 1 32 -SI 4 ^Jjoi ^ja l<>3^ (J-^ (_£<4JI t 3 — 1 2 (J^joiSI L<^ ^1 


^jjoaj ^4] i SBNR C -II 4 -k^i j ARDY AW -SI 4 ARDY E -SI cjlk^a jjj Jajp 

u>a CJI44 S^c- (^a A In^^SI 4 _jAij (j^AJ Ujl liA S^jlill (j^Sj 6 JuS jj 4 ^ ^1 ^413 (JjjJj 4 1 32 kV .4>'l 


. (JjAXjouSI < _9j|^}la 



C-Uj£il <._ 9 cil 132 J a^mjj <^34 
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jill <joiAiA ; £j| c_jU£]| 

C-ia^ll (JjoAJ (j£A AJjjLaAl 4_1 !LqV1 A^j^AI CjUo^x> £-a Joj^I (Jj^all 4 Ai^.xi ) g A A3j 

£-a Jajjjj c (4-1 2 Aj* x«oJ ^JajuodlV^^a 4_la^-o (JUxAl (Jjjjuj ^Ac. 4^Jjoi JaJJjJ 

Ail^VL . %) (J>L^. A}-a 66kV -Ai 4^Jjoi ^Ac. ^A£j CjLaj^IIj J}^^o 4 L5 Jojo J yi Cjlia^a 

Lq 1^_Lg Sja^-VI CjV^aI) aAAj 4 66/1 1 kV A£^ CjV^-o 4j>Ij (J>L^ qa 1 1 kV -Al 4 ^Jjul 3 l^JaljJj) J! 
^ ajjaaIL Distributors cjIc.)^A) JJ ( K31 JJ K1 ^ 30 

-4 A->^ ^\\ ^IxJI JoAo^oll 




t^3*.i\\ CiViaAo ^ 'ji\ Czl\Sb 3 12.1.2 


l^ xjjj 4 4 jjj^^]I 4<n:,\l ^3 (JjCjUai^a (_fijUa^j <._alA&l AjA^o ^Al (J ^^j^oJ AfljLuall *LoAiL<AI ^j-<a 

: Lus Ua 


5A^a]| 4<n:,\l ^j^uAa lx-<a A-Ajdll CjIa^j JaJj ~ 1 
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^(Jjj^jll CjOai^a (jc> <Latc« <LaAL<a^ jCc« ^jUSl (Jj^aall — ClJtj]| L_jLJI 
JLSLjJ ^ (JiLJI 4*\\An Losses CjLjaLJI (JjlfiJ C_aA£jj (JaJI Ag'V (J^^Jjolxi Jl AiSjjSI Ag'V (J^JjalA ^3j — 2 

. 1 ^ JJ (JJI CjI^jCi JaJj 

Ag-^. (J^£±l>.ia JJ Jill A^a. (_g^J juj-q j-<a A^JI (_g^Jjaui ^JJ Cjj^. ( £jjjjSI 4 ^Jjul 3 Jill A^JjI JaJj — 3 

j-auJa A^JI (_£^Jjoixi lAW^j i ^ vIILq ^jl ks^aW^ j!_i£JI jj^l^undl *LaAk l_JjujIjj JJI £JjjjSI 

4jjIj]I jjjfljJajll (Jjjadl CjUa^a j-<a JJJ^ cJLi&j . ^_£jl*JI dl^Ax jiaIS 4_Ujj11a]I CjLlLlajdl^ JjA^JI 

. lx^ JdUIlj 

CjL^aj)*\flSlj 4jLix^all 4_J^JI AjC. CjV^dl JIjAj JaJa^JI jjIjA (JjxCjj J-saS ^3 A^adl — 4 

CjUaa^a J SAa. J-JI 4 _ij^£1I ^jjU>JI (jja (jc. 4j3lCaVI CjIjASjjSI^ 4ajujjj 1S 4_a.l_aJI Ajc> jl 4^<jx<JI 
. 4jJjdl ^a^aCSI j-a jl CjlJxadl (J^L j-a 1 ^j 3 ^VJI (j^AJ ( jSI^ JJ)^"SI 


lA^V IaAJALuj jj^aJ jj3A& ClL& j£J 4 JJjLjJI 4_^aL<JI j-o l^JVfu J j^-oj <_ijUaJI jl cJiIa&VI 6A& (J^ 
(J^L Aajj 4_j| jjjjjjoa CjLJxJI aAA 4 _joj!j^ j-o3 • (_LjVJI CjI ^<a CjLJ^ jc« iSb i~ O^Ti jj^ 

. 4^J4£1I CjI AxxJI 4j13jj 4 A^JI ^jlVn Lo& 4 jjJjSlCal jjjjjj^ jALa£>aJ 4_x^al_iJI CjIAxxJI (Jj^adl CjUa^a 


Jl sj^J jl ; Transformer Tap Changer jja <> ^ a$JI J^jj uU -1 

e iAiAUj J 4 Capacitors or Inductors J^jh c> J * Voltage Regulators 
4 4^jjaJL A^aJI 4 ^j 3 jl jij (J^l {j* 4Jlxflll jj £* SjCaSI j J FACTs -SI S 34 J 

^jjCajdl lAA (Jj^» (JjjL-alijSI j-o Ajdl CSIjAj . (Jjj^CSI CjUx^q SCjIAxaSI fiAA ^Jax-oj 

(jjjjaixSIj ^Idl (_L-aflSI jjj^LaiSI a_jIjSI ^^3 LcajJ^ 4 Facts* (j^L^JI (Jx^iflSI 4 ^jldl a_jIjSI 

. L-jtjfl]! lAA j-G 4 A^-dl jJjjuo! I 


6AA CCl£ ^Ijjoj (JUaC-Vl ^_alduSI \J>L^ j^oj3 CjUa^dl fiAA (^^ICj 5JjjsjaS! 4j13j]I 4 x>]n il Lajj — 2 

JldLj 4 IJI 4 _L^IaSI jl l^J-d 4_2jLiJI JajJ'sSI Jc* jl JJa^dl (J^L S^jajdl CjIAxxJL (JUaC-VI 

^Jj 4jl_ix^aSI CjI 4 >jVi jl (JUaC-VI 4 >jVi ^jjjjSI 4 ^jCi j! (JaJI 4^jCi j-o J (Jj-^3 4 ^ 

4jUjSI CjLo jial^ ^.LojujV jL^aJ^lj jjClLjoj . (JjjaCll CjUa^Q (J^»L SJjajdl 4jl3jSI CjI a jjIc. j Jc« 

I ( ^gj\j£J pjajSI j^»aJj . cjLSI lAA 4 jI^J ^ (Jjj^alflJ 4 4 jJj^<JI jx-aLxSI Jc. 4_j^jdl 

.4jlijSI <Laj))Waj 4-x^aLaJI (Jjj^bIaJI ^jjA ^3 4jj^£JI 4j1x>^SI ^xlaj 
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S^xl IfijJa Cf^ A J CjUo^q 


:(SF6 ,jlg> ,9! t lS jUlt u>uA t giu/iMt 


^ us Air Insulated Substation, AIS c^' -1 

:4_JIj1I jjj x ^a]l 
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‘ - j\ A (jC. 4 _aIC- 4 ^liill [J * ^q \1 — (Ulilll l_jLJt 

j>^3i L£ Gas Insulated Substation, GIS jUJU 5Jj>* ^ oik^ -2 

:4JUI 
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js\\ ; £j| j]| C-jUSlI 


^ LujLujI 1 a^jjj cJlvL^JIj t ^1 1 a^U c^a 4jjl*J|j 4 jjI^JI CjUa^»A AjLojjj ^ 

A a\ 1 (JjJaLiA ^ c ^laJI '^>^1 Ash' La (CjIAsla) CjI a^ a (Jjc. ^ ( SF6 /s-I^a) (JjlaJI 

^JlxJl Ash'\A 5 ^ 2 v^a 1 I CjUjSJI ^.LajujI J^jUaJ cilljA ^j\ A )o*svLa £_a . ^ IaIaj 4 _^LoUa 3 

. LaIaj <■ CjIjj^aII fijlA ^jl V} CjUa^oll ^ja > 1 ^ ^3 


LkjA t SlU/lUt 

*La jJaJLo ^ja^ 5-l^.jjJAljj c_S.iil 66/220/500 AjjoUJJ (Jj^^j CjUaa*A • 

. 4_ajJziIa] 4jutl]l cJi.cil 0.4/1 1 ^1 <> cJi.cil 0.4/22 4 jc^j3 (Jj^j CjI h“\A • 


: lj!JjlaII tjlSLa liua i iiWaMt 

(outdoor type) 4^>u. • 

(indoor type) *jkb • 

4jIa^JIj CjICjla IjiC. Ia 4 a \\ 4_L2^)I_^JI 4_^.LoJI ^3 4 Jaa. aII CjI.1jla]I ^ja^v (j^£j (JjVi ^-3 

(Control Building) ^1) ^iu ^ l^jj l^li (control & protection Equipment) 

:4^La»4xil ^)Uua&]| l-u£>j 4jjja i iiWaMt 

! l^-Lo (Bus bsr) 4 _ia^a*ji u>>o\i l_u£jj l-lu^. cjUo^-a ^ja s^jj^ LlaIIc. ^3jjj 

1. (Single Bus-Bar) 

2. (Single Bus-Bar with Sectionalizer) 

3. (Double Bus-Bar with Single Circuit Breaker) 

4. (Double Bus-Bar with Double Circuit Breaker) 

5. (Breaker and half with Two Main Buses) 

6. (Main and Transfer Bus-Bar) 

7. (Mesh or Ring Scheme) 

.±U\ |j* ^JA ^)JolC. ^ y\Jx s-iS ~I ^jjJaJ aII I.AA 


f»UJI JS^wfall 12.2 


^—5; 4_Ujjjjj CjLo^Jaj^j ^Jalj-o Atju (J aJo^m 


H. V. Switchgear JUI aikw -1 

Power Transformer cjYj=-JI ai ki« -2 
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djLla^a (jC- — ClAtASI l_jIjA 1 

V. Switchgear cjI^ 4aU\* -3 

(DO JsA\ ^ ^ CjLjjUaill L_9jC-^ DO -A1 4^ojAiLa —4 

Control system ^j1\ -5 

.cjV\ _ 0 





*Laj) ]\\ a 8 


. Aau Lgj2 ^JjoAI ^ (JjS CjL<W))VixA 1 ^ (J^Lli-aSI 6^A £JJjujj ^y^jC> ^Aj IxuSj 


AVjlt\ N ^ nA di\^Ax A<nV>1 a : ^ ^ A <nV/->1\<A 12.2.1 

4fl)V^ll ^5^5 t 4jiIaj-o l^jlc. c 3lkj ^^AjVl 4jLSaxa]| jlfl ( 4 jj]^AI^ AIS (j-o 4An^xiSl C_ul^ IAI 

Jajln^k \ ^ jSn iS±Sl (^a 11 HV-BB -11 ^Alxll £jjjj ^Ac. LujLujI (J^LoGj 6 4_^,Luo-<a 

JuJlxJI 4 q]V^\I cAa ^jjcuJ^lU ^ t I^-Lq 4_2vjL^JI ^Al*AI ^ -v\1 t-t'v j 4 4 ]^>-v ^\1 ^Jj 4 _^jIa]| JUJ! 

lUasj HV Switchgear VWi <J^j ^ ( Elements ) 

! (Jj-a ^x-sallaAl 

Lightning Arrestor, HVCB, VT, CT, Isolators, Earthing Switches, etc. 

.CjVj)^xA) 4sh'\A ^Al 4^-v"^ HV-BB -11 (j-o 4_2kjl^JI dlvLi-a ^a!\ Ljajl 4 aL1a1I cAa ^jajJzlU Lo£ 


High Voltage _ 11 4 a la 1 ^ 1 ^AjVi 4 oiv^\i ^jii GIS — Si ^9^11 l>° AJa^-oli c_ui^ iai Loi 

^x-aiixSi (jjoaj (_gAc- ^J-qjjuoj j 4 ^-^ii iaa 4_a.Laui ^j^vi 4i?)v i uai) Switchgear 

. (j^pjoi L£ Bay -A1 5 ^.[9 S*l^j I3L-0 4 ~\aAa (jj£j ^jj^atiaAl $Aa (jl Ja£2 6 AIS -A1 CjI ^^9 

BB -11 ^UaJ ^Ac. (JJ)*\x> ^9! (Jjj^ajj] IjLxi ciljLajJJ ^IlS! CjIAjlaSI 4x>j)^~n^Ac> Lo^aC- (3^Aa^ Bay ^Alaj^a^ 

.( 4 

.( ^juoC> lLAIjII (_L-£aii]l ^ ^3 (JjojJG 4fl]n > i^SI cAa j 
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d 3"^ <■ A ‘A.iiVi\\ 12.2.2 


t CjIxJ^jI) AjlIoLo A^_dl C£L1£ ^ 4 JjoUJ^]| CjV^^Q C5^ ^ jaJ ^ jaJ ' (J-dudJJ 

^3 ^jujLujI ^ 'lO CjV^^oSI ^C-JJ . Jojujj 1 a]| Ijvld 4 jlLlLq JajujC j>LjI^ I^-Lq j 

CjV^ ^ I j 4 L_j\j£j| ^3 l^J ljj| VI dlUa^-a 

• ^J_LL-^jjlllj AjJ^)4^]| 


A^jud^-lk). A^L-yIa * Al\Vl\\ Aikiaik 12.2.3 


i cjVj)^4 jl1o1a 4-^jIaII Jajujjj-oii Cjviji^ Incoming CgIIs ^ k a^ji (J^.j hVd 
.^latiu LVd ^jjj Jajjj MV-BB -!(cs^ ^k 1 ^ S' 


£jjji ^ ^ fllvuN 4^ (jla JUlLj t SinglG/DoublG BB g^ll ^ uj^ MV-BB Jl (aaj 
J l 4-k^<Jl ^ cr^li MV- BB JU Ai^aixJl Outgoing cgII s ^tiall 

. ^Cjlc-jj-a j ^jl 

.C_j\j£j) |jiA (j-a £juatl]! £jl^]l L-AJI ^3 >Lu-saflJ 4 u11j]I 4^1o1a 1) (J_u-;alijj 


DC_\\ a a^ l a _\ A\ ^>jud\\ 12.2.4 


jUa^JL DC VoltagG jduu> JJ Idj ^Ult AjjaaLoaVI CjIAjla]^ j CjUjUslJI 4 i^}C- ^ ajJaJ j 

: ^ 

a Ajku . 1 
CjV U^aJVI 4-A j))Vlx> . 2 

l JILJI (JjJjoj < ^Ac. . CjLjI h\W Ac.j)x^x> ^>0 LS^ dAjjUaAl 4_3^}C- (Jjf ) ^~'l5 


5)^1 aoj j 4 Control circuits ^j 1 \ j J^uii j\j* cjUjILj .a 

^ (Jjxjoo] Cj ll^3 110 J)\ 220 ^ 4 ^ ^ 

- 14 ^J 1 j 4_jli ^11 juj 

.C_i]j3 48 jl 110 A 42 JI CjI3 CjVI fc^VI 6 ) 4^1 CjLjUaJ 4 x*j)^~n ^ .b 










292 



dA a jjc* <La1c. ^uic> ^jliill (Jj^aall — Cliltall l_jIj]1 


^^.d.l\\ a a :^yd.^\.d 12.2.5 


^Jl*Jl Jl^aJl L)•* Splj (^1 4 j3|^aj 4-sutLoj (JasuujJj (_ Jj^aS (j£laj l^Jvid (j^ C5^ ^» Utl Jl^ 4i^}£- 

(Jj^aftll ^^9 i^AJ jl I ^JaJI . (16 L_llj]l llA C5^ (J^pjoa L<^ lajuajlAll A^Jl ^)jl^J _$1 

.£jjjj]l 4^a jIVia ^ ^^all (jf~ CjjJL^JI 2UC- ( 22 (J LSis\[j £jl^)ll L_jIJ1 L>° 


lIa ' l ^, . A-a j. WL ft i ^jjki Ajui\\ ^juod\\ 12.2.6 

Load Dispatch ^^dii ^ 4j3|^a]i ^^i^aj i i -*^*\\ Jojjj ^nii cjVL^qjVI s^.^.1 ^ja^v ^ic> ^juoaII 11a ^ 

aU-V^\i ^ AjUiaJi sj _^.i Ja_jjj i & i Inter Trip -j li jj*_a 11 (Jj^aall s^^.1 ^1 4iLjaVL 6 Center 

.Tele Protection Udji i(3^j ladll (jjoaj ^lc« *LjULa]1 cjIIx^aII 4j1 a*s 11 sj_ 


. (^.ij.^\\ AAo\ 1 a(^ j^a\.d\\ • ^Ajui\\ 12.2.7 

^ ^Lia]! cjI£jj (Jj-o Fire FiQhtinQ, FF (j^j|^Jl ^liLL 4-^aldJl cj\a^a!1 ls^ 

.£ll *1^1 j *ui i*pl\ Compressor 


(^jalC* (jdLall L-lUll 11 a ^A £j|^l (Jj^a^l l*-A (JJJjdjoJ S^jdVl AjUjVl (^LuoSVl) 4 aIViVI^ 

.aJn^allj S^LoiaII 4 aIVi^I qIjIc. 


^aijVlW 1 a^.\ hLc • (j.^Vl\\ 12.2.8 


jUl! 11 a (Ja (Jj-aS vLlx^aflJ (JAjd 111j 6 AfljLall CjIajjIViaIIj ^alxuaVl 4il£j 4laJJjA 4 _ajJAIaII alA^ 

.^)jaic. ^JjJ>ildJl (Jx^lflll ^A^ 


220/66/11 kV (Jj^all 4 a ^LudaV a (JIaj 5 — 12 (J^aJl 
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a 





STC Pljyp 5TAHDH 


Kwrftx E®U 


CCH m 


1M 1 


Figure 12-5 Substation Plan 


<by>b2J| JUsSl 12.3 


£\Ja^a c-ULjV *LaJ)>Ul 4(JLaC-VI _3 (Jj‘ u' 4jl^j ^3 

:4jltill 4jj^£tl CjLojI j^\j OLL^JI/ (JLaC.VI J 'j V> 4 U~. ^ -ja> '•»" A j' a£- 4)^> *-»" t"J 'j Vi 


( step up or step down transformers) ^?Ji o^s. J sj^l' oVj^ jUisJ ♦:♦ 

Bus Bar arrangement ch^ j^-' ❖ 

(Isolators and grounding switch) l u^i^j J^l' j^' ♦:♦ 

Instrument transformers (CT & VT) o" 1 ^' jUis.1 ♦:♦ 

Protection transformers (CT & VT) cjV jbikl * 

Circuit Breaker ❖ 

Lightning arrestors ^l£ jbii.1 ♦:♦ 


293 






















































































































294 







i ^jjai c* (Jj^aall — ciilliill l_jLa]| 


Protective relaying schemes 4jl*aJI ^ Jj±l\ .♦. 

Voltage regulating equipment ❖ 

Cj!>U£ 3I jblkl ♦♦♦ 

Control System ^21' jUi.1 ♦:♦ 

Earthing System ^ ❖ 

Illumination System s^LAaVl ^ jUS*,l ♦> 


Fire Fighting and Fire Alarm systems j'^V' ^ ❖ 


Communication Systems JjL^j jUikl * 

Auxiliary supply JjL^j jLikl * 

Interlocks (t^LuJI <jjS*S' ) ❖ 

cjCjUaJI ) DC Supply —S' jUS*.' ❖ 


. Cj'jliiC'V' (j-0 ^ r -J ^^ ^ yr .VI ^ 1J jji 4_lic- jla 6 OljLpSkV 1 0 AA AjA^Aj ^ A. ^ *41 ^__<]2 

:AjA^j Jia t 4 Isa all 9 A& lg-4fe Ja.Aau> A ajlai all Igja 

1- Primary System Characteristics 

• ° Local Utility 

• ° Nominal Voltage 

• ° Maximum Operating Voltage 

• ° System Frequency 

• ° System Grounding 

• ° System Impedance Data 


: l^aa Ci'AxaJI Jjfr uLu^jj LjljUjC'l AlliAj 


2- Insulation Requirements 

• ° (Basic Insulation Level), BIL 

• ° Insulator and Bushing Creep 

• ° Minimum Clearances 

• ° Phase Spacing 


i (jjj AjA^S j■ ■■ 4_iic. c-Luj c a L.^ *41 A^Luia I^jj^ AA^Jxu (J^xJl (jy gquia jIjIiAJ jjLa Laic. 

. ^jAajV 1^ 4_2wj /j_uj Aol" A. a!1 
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■Luj^SlI (_jjail ; £jljll 

4_lIl*JI 'j a H jl f,r.y I ^ i" jA\j 4 j l ..Lall Cjl&*aal^»al] UuJa 4 -sll Cjl a\ <Jj)*JI ^j3 jLjlLI ^jj ojlc-j 
(Ju at - ui jj _)■ t ^ Lai (j^£j Sjlc- c Cjl4*-all l^J ■ > ^uil ItTipUlSG V01tclQG 4jilaliJI 

_lj■ -aj" ' V- jl c 4_ljJ)*_a]l Cjl^Auill ^-3 4_2hjVI 4^.1 ^ic. (JLir- t tu J ^ ^LI ^sl\j ^iy< - ilo~< aII/,_H 

LfljjV I ^a t \ *i-v j l .' 4j!jLluII CjVL^-II JS ^gj23 4 4-^jI lLa (J II 4 j-\ LaJJJ 1 A A ~n | a ' -- Ijj 4 £ -n ^>-a L>4. 
^__3 AjjjsJI &4A (Jj^aU: . 4 j4c^)]I ^JaC-L ■ --»ll t \ \m I ■ >»jl ^ IfljjL/1 1 " * ^ J 43^ a Cj I Jut-all ^_lc- '■ 4 11 ^__3 

Surge Voltages -ii^ s^jLkJI cjI^ii (jc. cjj4^ji 4ic. ( 28 cL^as) (ja^LoJi l_iLJI l>° JjVI <_)>.—»oti 

. (Jt^aII 4-a^Jaj-a 



: Jla 4 ij'La 4_aLft CjLuiIjJ lilU&j 

• Short-Circuit Studies 

• Protective Device Coordination 

• Arc-Flash Risk Assessment 

• Motor Starting 

• Transient Stability 

• Insulation Coordination 

• Harmonic Analysis 


-<’■>■"11 (j^*j CiljLufrl liJUAj 

• Manned or Unmanned 

• Fault Recording 

• Local & Remote Control 

• Automation 

• Communication Protocol 


yUl *Jm>*12.4 

I CjI }-V\ a\\ (J n AM f^yaje. IjLlj t cJj k ^3 

(JjVl ^juoaII ^^9 1-^Jjuo ^a^AJ ^13 (J(JjL-aftll ^A3 • 

. AjjLxJI CjUn^alij CjUaza^oll AjjULoj (Ja,« aAll 6 (JjCjI )*v\ a 
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1—31 a (jc* ^ylc* ^jliill (Jj^aall — Cllll!ill L_jld]| 

JajujjJ^I ^joiflljj t (jjAj CjVj)^ a\\^ ^1511 ^-infill 4XijjaL3 (^yajxJ Lo£ 

. L_jlJ) C5^ vLl^AJ 

. L-JjJC^j Cjjjj-G j i CjUa^ollj A oh-v *\\ ^jl n>»B A L^Jjoi ^aJiAJ ^)juoC. £jl^il (J x ^>o\\ • 

. 4^o jJai-Q lj\jfc^ifl*l L^jjai ^)jaiC. ^jjj-aLiJI (Jj^aflll ^9 • 

6 ^ DC Jl ^La^laLa ^ £_jl^]l ^juoaI) ^_yA I£.JlJ ^ !->-v *\\ ^LuaSl Aafia] l^jjai ^)juoC- # 

. s-liilaj^ ^-jLuII t ^CjV 1 x jViV 1 j ^juoaII ^ t ^A-aB^aIIj j 
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i**ll J-vs^q QC- <Lq Ic- ^ ^JJUdC> (Jj^aall cLlll^ll L-lUll 




clI£ JUI maiJU Elements/Equipment 0U4JI ^ J^*Sl liA J 
. ^-aiiJl Single Line Diagram, SLD Jl J Uj^ ^ <> < (iylc. e l 4LJ 

jl SjjjjJalL ^jJ aS\ ^ \* a \ c l(_£pjuj L£ (_£^»V 4 j-o vLJa SLD —SI (Jl^joil t i?\" J 3 ^JaSLj 
Ja^laaJI (JJaJ j£S 6 C VwSI^ CjliLiaVI (_paau cJliA jJjjoa J 6 CjUn'SxiSI ^jx\~N jjJjjjuj JLSI JJJI 
. CjI a£js 1 \ ^jjuj (_)j 3 V^l JaJaSL-<JI ^jjulJ IAiLuj j . SLDS Jl (JI^joiI ^3 4 ^pjaua 4 _-qL_SI 


<Uaail bJaAc osl>il3.1 


cil 66 —SI 4flln , ix> J JJ Jc- l U^ s 11 /66 J_^j 4Sn^^S Jl 1 13 (J^lSI J 

Jajuajl-Q n J|£ 30 j-a J^l S-4^° jJI la.xjjjLaSI A 4 JI 4aLlLq (_£* 1 xj 1 1 j66 ^ 7 - CjV<)*s ^ 4j>\j ^aJ L_9 

. ^Jaa^JL 4 Sa-ia.xJI 4-ASljita.SI 4jlSaj>JI ^3 S-^a^JI Cj^J^-aSIj CjIoj^aSI j JI 


ULjLjj LJ1 La^ 4 jV 6 4jjlc« ^1 4 jjI^A 4 Jaa.x>SI filA (_)a ^Jlaj jl SLD -SI j a ^ilaJjujJ V cJjl ^Jl liA ^JjuLj 

jjj LL|j 6 CjUaa»xaSI j-a jJCjSI >1^ ^ I4J JaJxJI ) J ig 4jLllaJlj ^jojVI ^ 44jLoi1a CjLJUI ^jxa'V 

• SLD -SI j-0 .SaJ V IJAj 6 jlc« ^1 S-I^A ^A Jj 6 JJI L_Jjail_g Jiall AiaJ L_ 9 >\llkVI 
ill JaJaiJi jL Lie. 4 Incoming/Outgoing Feeders J>La j-o S.laJI 4 ^JjoiS\j A a\\ JaJj pJj 

^4-3 dlVga.^ A Its x> 4-^USI JajiaaJI Lai 6 JaA3 (JJajJa^. jn»1 l^li JuSjj 4 a 4_xajli dljl£ 

S;j3 (Jsij (_£)^1 sps ^ uj^ j 6 Incoming JJa^iaa. jii*3a 4L^x>Si Jl sjS$ Jl La spa j uj^ 

J J JjL (JjSj jl j^AJ V £fSaSL J 6 Outgoing JjJ. Jajak ,^Vn^ Jpxlla 4 Jaa^SI Jl 

. ^ L-v \\\ ^jjoAJ 
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jill <joiAiA ; £j| c_jU£]| 


%i . L CJ1 jm* iims 
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Figure 13-1 


^ ^ £Jj| Uj.^] ( fiJJ juo ^ a 4 ^ (JlLoJ (^^11 (JjjLaJI JC^t ^9 (JjJjuJ ^lc> 

6 ^ 4 ] 4_joUJ^)1I 4jA*H 1I SpU) 6^43 JtllljJ t Jul jj 4 <a CjLqjj£ 1I 4 x> 4_^jli JjVl *66kV 

t 4 Jo'sx\ ^Aj^ ^)j^aU 4 )n^\A) 4_L^alx» 4_ijlfi]| S^jI^I 1 a'))) t S)jl^ IajI^ ^^Aj 4 

Uj^la JWIjj c ^CjVj)^k x> 4 ^^Aj^ ^JojojI^II 4 n'Uj ^jJalj ^j| CjV^-g 4 IjJoj! (jjL^ala 4ju|^jj 4j]lilSI 

(JjxxZlj c_9jj]a c t (j443 ^p*VI CLivlilll LJ t LgjIJ) <J^jjjlj SJu^ S^jIj JaA3 


.SLD JJ Xl^Zj jj£I j^.1 ^i^aj 2 — 13 
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<kLaio £A.aq.a) jJuC. cUIjII dlMlI L_sL3l 


10A uj^iijl jL-jj 

66 

Lid 


u l |^ujI uLLu uL^Ld 
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jl;i -i-irtn A0a 

y*aajJI jrliiJI Qp 

,_qj>“ JsS“ C.T. 

J Hl'' QE2 

jr LjIwj y^ajl A : n{ mi 

lu 4uLu / QL 


I 


qmLK\ ijjil —i f P.T 

-GD- 


'coupling 
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Capacitor 



Hi ' 1 QE3 


ul^.yii iLhU 


^ ''i|—1|- 


-j:- 1 I —ll 1 - Surge Arrestor 

(S.A) 


Figure 13-2 ^j\ < ■ — 3 ^_lc. .a. ^ u a^ j. .-.1 ir-. 


; Jtills' (J&ujV (-lc.1 (j-° SLD —11 ^—lc. CjLo^-oII o2a 


Bus bar, A and B 
Potential Transformers 
Earth Switches 
Bus bar Isolators QL1 and QL2 
Earth Switches QE1 
Circuit Breaker (QF) 


C_a.ii5 66 ^4^. £-jjjjll (jUwafl — 1 
Jjjjj (jllUaS (J^l (J^- 0 • I 

*-J; 9 J s '-, 'jj JS1 Ajj^lu . L_J 

(jlijasll I^Jjd 'jj JS1 (J‘ -* a Ajj^LU 2 

^Jalfill —^.1^ ^' n ^' L 3 
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Current Transformer (C.T) 

Earth Switches QE2 

Potential Transformer (P.T) 
Earth Switches QE3 

Wave Trap 

Surge Arrestor 



jUjI! ~5 


jJalill (j±u\ LS jJajj\ A n^xti —6 


“7 


1] — 8 


4juLa 10 


4jj[^ 4_k^a Equipment ^ 3-13 

.JUJ! 4fll^u ^ 



Current CT 


Circuit 

breaker 


Disconnect 


Disconnect 


Bus bar 


Figure 13-3 AIS 


CjUa^al) ^9 ~\W Ash'\A ^j^aUc* ^>^'lO (_)£] 4-nftll (Jx-aflll (j-a (JjVl 

• GIS -SI CjUa^-xi (j£S CjIj( jxiflj joj s^JI .4 jjI^JI 
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(^]kll Afrkl kkio £A.aq.a) jluC. kill! I kltall l_jL3I 


>Aa ultiit JmaJI j* j/tf I fi j*tt 



AIS 


I ulkw Ji ^Uil J^UI Zehl* iiUf) 


? Aokkl ak S^a^kl (c_)lA*kl) CjI x3l ^ a \ (jJajj lIuj kj9 


SURGE ARRESTOR &s\$*al\ 4*jW13.2 

Overhead Jj^aS! ^ cky Jj! ^ 

-13 • Akakl a*j Transmission line 

. LS lA*Ji £%SI I gK^i J^kj 4 

(jl^ 111 Lai . SLD —Si lolo'Sxa ^)J^ajc. (Jjl^ kj ^IaSLj 

(jls 4jj|^Ji lajkall (j>a V Aj A_bJajl Cj>Llk 4-Lxakl (Jj^kll 
(jxa a i->^ A\ 4jk*J aA^jjoij II (. AJ Aa»k (ASUa <j 
l^>aiAlajL-ai Ajlj l^_ili (_)a*Aj (jl (jkaJ ^IlSi AjS^II (jc-l^kl 

aAA j-cAj A2j A^all 41 j\a SaLj AJJjuua ^[^Jl kaJL 
Surge -Jl Ik A-kJ^j I^Jj^a ^ ^jj lil kaakl k^Lkl 
Arrestor (Lightning Arrestor, LA). 

kjjkSi IAa* l^J-ajlk ^IajjL (jcljj^kl AjuLa jkjjj 

kjAJ l^J>k jkl (jjk JLSLj c AjaLJI Ajgklj AjarjkSl 

Impulse AilaUJ! AaSUJi AjflaJl Aik ^ La! 6 \jL*a (^kj 
5 jj» x^o I^iLqjULq ^jjL^aja (Akkall Cjlkal (Jk) Voltages 

l^Jvk. Aik kail LjJjjoiJaa ^Jlc* jk JJ^OJ ^AjuoJ ^aJ (j>aj !*k* 

.4_kakS (J^akl (_)j3 


Figure 13-4 LA 



AgkS AjJaflaAki ^akli £-a Ijk (j^kj jkll (jl ka*V . l^Jk jkllj A^aJI A 3 >k kj 5 - 13 (JkjJI^ 

lightning ) u^a a^ &. A$ki ^kji ^ AJk k*s ^kjj ski ^ (normal operating region) 

4 (surge region 


cs-^ixll (. 1 ^ L^l 6 A^-all (jiaUaJl A^a»xaJ ^>Axkl (_£>a.l Sj^a A^su jkll (jl L& ^£Aj (jl c_l^j ^^ASI kal^JI AkUl 

. ckii A^a. (^1 (j^a cIajj (j) jjkaj 5 - 1 3 ckiJI 
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0.01 0,1 1 10 100 
varistor Current (a) 

Figure 13-5 Characteristic of LA 


1000 iOGOO 10000Q 


l AjuU ^j-a (jUjj tilUkj 


Conventional Gapped Arrestor (Valve Type Arrestor) -1 

Metal-Oxide (ZnO) Arrestor -2 


(Valve Type Arrestor) = 13 . 2.1 

Non Linear ^j-a ^-jJI I^A U 12 6 ^g^aUx^all ^-jJI (j-a £-^U 
^ US Spark Gap ^ J[£ll ^ l-Zj* Resistor Element 

.6-13 

aJUII ^ 1^ Sji£ l^iaja oj£ja Non-linear Resistance Jl Ula 

. ^g*JjLll -v Aic. i^C,\ AjJlUll 

(jji c & i a nar a AiUj-aj Gap ajjJ Gap Unit Jl Ulj 
juc-j .aj^USI aJUJI ^gi jUJI (Jjj-a jj ^gJc. Arrestor Jl 

Jl ^gi £.lj^JI (Jjc- JjoiSjj ^aJI ASC-Usall cijj.1^, 

Figure 13-6 Valve Type LA * & J U ^ ^ -» Ga P 


powei circuit 


Spark 

gap 


-8 


; R 

_j 


non lmeai 
resistor 


Liglrtnmg 
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4 .klaia £A.aq.a) cUUll dlltUl C_)L3l 



— Oxid© Arrestors 11 3A3 ^3!! 3^Ja 3-3H 3* j 34c. s.i*J £311 11a ^I^jjujI ^3 

. ^jJaLlI 33 II CjI m \>m c flxrf'vnxt 


Metal-Oxide (ZnO) Arrestor : ^ViW 13 . 2.2 

cjUjjjS ^. i.Non-linear Resistance -ii ^ 11 a ^ ^~^ ^jLa 

Non-linearity j <^1 Metal-Oxide t> c?^ Silicon-Carbide o£?M' 
ja oj^ j 'j* <J Series Gap <> LjJ ^ <> 3&t characteristics 

Jiftj i spark gaps _u breakdown <> ^ ^ i)l>=^' aka* 3" ls^ 

spark Jii breakdown voltage Ji >di A^m d^ cdi£ 31 Jdali oYidJ (> 

. Cj^ljtl 4_2wjJ Jaxx^all (Jjx < JlZl ^isu ■ ' ■ - QaPS 

SA-l^-o 4-<ul ' V- AdojliLo jU^jL Jjldaj Zinc Oxide) ;jl‘ ^1 A H AaxuSl ^jjq S-ilc. 11 a £_1l-£3J j 
• arrestor Jl J^=ai S-LI 3 4 jLa^. j 3 jj Lui 4 4 _xufl]| alA 3*3!^ *)1 Xic. (j£^J 3^ Ia.1.^jJjuiI 


l^ja Cjj-c ^pll cjI^H 3 4 jic.L^a]| 3^ 111 7 — 13 ^^.3 L£ CjI^Iasu 5 ^-^.Vl &1 a ^333 



4 _^Ia CjU^IslaII &1a^ aJvL^, ^3^13x^11 
.LA Ji 4 j^.>L^a 

33^JJ 3-3)3^ i 4x3^^ ^ 3JAJ c_±2o 3 

d^L 5^323-0!! (^3-uJI 4 ^ojLLJI l^-La 
CjI^g 3-0 32 x ^0 J4C. Dju 3 C 1 I 3 i 4_*jUa 
63320 ^JJ JlJbtJI lilA 3 jjjill 
3 (JIaiLujI ^ajj 1^)3 . 4 * n^ix>\l 4^jjaJI 

4 ^C-U^a d)3*1^J I^IaIj 3-sajjSVl 3^1^°! 

.\$*a CjIasla]! 3 4 juLo jl^jj3 


Figure 13-7 


SS —!! jLp 3 jjUa 1 3^1 ^l^c. *1232 ^ 

S^Lj 4JL^ ^3 6 311 -J ^W.tl; 3j1jla 
- 1 a iaJ) JaaJ! 4ajLo] 3 l_i^j>U |jjuoJ-g (J 3 ^ 11 ^ (jli C_l3 3 ]) 333 -aJ 3 !^^ 


(_)j3 SjjojLia ( XjJa 3 J Ljajl 4 l>^v ^\\ 4 jj| 3 ^JI la 3 ^^ ^ (J 3 ^J 4laAJ JidC- JaflS 33 ] Ljajl ^jJa 3 J 4B LA -li 3 L) \ a\c* 

4 flli^ ^3 SJ323AI! 4 l>-v ^\\ 3^3Ijc. 3» j^V- 31 cl^JjjJa 4 oca 1 3I (JLcil^l J323] CIHI3 d3^ 
^CjV()*s 4 li% <cn ^lc.V|_5 ^aVI 3>^oi* 1 ) (Jj)^cJ k 3^ id ^ ^JLIL^ $.l3^Jljj 

. 8-1 3 L&lll ^Ljal LA -j 4 jjLcl^. CIU 23 
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Figure 13-8 Jj^i <Jj§ 4-*-^ 


ISOLATORS Jriflfcll &Z£~il 33 

4 Disconnecting Switches IjJ L5 ^j < Isolators J^i ja^t^ 

(JLaC-la ^alpSi (papa 4iiUaSi ^).lx^aa jc. 5pi.aSi ^jA-alaaJ ^alaSi (JpJi AaLaC. ^LaV IjujIjojI ^^I^JjojJ ^^YA£a<a 

. Ja^Ji (Jjc- ^papa p 4alaj^aSi 

l&pj ^ ( JaiJi (JJjjj a \f\ tti p Ja^Ji 4_jj^jaj tilU^a . 9-13 (J^jo3I ^ L<^ j-a ^-ipi 5^ ^ 

Jl A n^tn ^xujjj i3Sj BB -Si <-_j£ja (jSLSj LaLaa 1 ^ j tT" (j£pJ 4 n^s >m ciSlaA_9 . QL ^A (jjLaSi (J^jaiSi 
Ja^JI Jjc. ^Ld ^a (jj^l^aJI $3 a j* l op i^. ( QL1 and QL2 ) ^a 9—13 <J^Ji i-Apjj 6 BB 
jJaliiSi pkL Contacts -Si ji ^Cp <- 4a3 a (JLaC-l e„lJ ^o^Nj V vla-a CB -Si ^afi9 .jJaUSi ^a3 Aau 

laAj 6 BB -Si A^^. aCu~ \1j p^aja (JipV COntaCtS -Si fi^A j-a (JjVi <j^-Si ji Vi ^ 4_apuLa Caaau-ai 4 _juoAj 

JipV ^iipai (jA ptaSl <pJi (ji La£ t A^^Ji &3 a ja cJ>*-Si aAac* ^LqjV ( QL 1 and QL 2 ) ;p ^pL 
. Jla^Vi jc- CB -Si (Jp ^laaV ^aflJ pili QL JaaJi Aaa^uj jjJ pjla laAj 6 (JLo^Vla 4-L^aax> 
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Akiaia £A.aq.a) jjIc- cULill dlMl! l_jL31 
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AdJJ 0|A 


QF 

__ils** C.T. 


I 
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Figure 13-9 c> 4 ^* 


Earthing luc-^-a JaaJl 4 . 1^03 ^ji BB -Si 4 t ^ JaaJl (jjJj 4 t^ 34 J (J^aSI^ 

^jj JaaJl 4 n<rk^ ^ji *. 10 — 13 (J^oJl ^ L»~j 4 QE 3 lA> Qj 9 ^l^Jl JaaJl 4 _^» 3 -° Switch 

^Si 2 ^3 4-lic-la (3^4 4jjjjiall oJl^J JaaJl ^jiajjlj (jL l^lc. . ^jiajVl^ 4jj^juall &3 a (Jjj^ajJ Ll^JjLajjl 

5,^J» jll 4 g5-a*•>xt\ 1 ^ C-ia^-G ^^^jJajl (J-ftC. c > <^113 (J>SaV Ajljj^aS! 4jl5alA CjJlLgI 131 La! 6 4 Li«\<c31 

. 4 Li^xtSl 



0 

£<JJ 


306 






















(_jjail ; £jljll 

4£>u. short circuit current Jl jJ j 3J * (Isolators ) u^i£Ji *aa jjcji ^ ^Jai^ 

^1 ( ^juAjuaV! JaUI ^JajojJ JIJI jlxJI Ja2 ^aXA LoAaC- V} 1 ^aA3 (j^AJ V 6 Sj.lna3 SaJ AjliiuG 

4ajUI JjjoJI s-UaV 4_Ljajj (_^L SAjJj-g ^aA aAA (jl i~ n«v IXa. 5 jj* x>i JaJI (JjS jLaJI 4_xuS 3 Jj J 

JJJI s-UaV >lx<i C_uj 4 j AajJ <JSJ Ll^q ^aA ^Aj 6 OB -Si ^3 (JlaJI Lo^ ^jLaj Ja3 

.V^l CB Jl ^Aa a*j VI 4aAa (j^xj V JULj c OB -SI J 



6 JaljJlj 4u-alaJI Earth I nQ Switch J (^jAaJjUl ^IxLo (^jj£l^jaJI^ ^AaIaJI ^j-o cAJIj <JIAAj 
4Jaa.>Lo £A .CjUaJu J ^-JA] JaUI A*Jj (Jj3 c_j^)J J QE1 and QE2 jjli 9 - 1 3 L&JI J jJa-Jj 
* (QE1 and QE2) o^JJ' ji^ CB Jl (Interlock) ^ ^ *j*j h i>^ 
£.UaV 4JT (_^U SAjj-o ^aA (jj£l^xJI Jil£ Jxo Lo^jV V$l CB Jl (Jj^aS Aau VI I* 0 ^Vfo ^»Ac. ^j-ojJaJ i~n*\J 
(QE1 and QE2) JaUI V^l ^A&j 3 I ^ CB Jl ^Jlx. u. ^aJI aac. Liij jill JJJI 

. jlJL Short circuit Jaa^x V jx. & <JSa a*j JaUi 

<J1aj 4 SA^a^JI 3^*-SJ JjjJI (jtfVi ^Ul Cy* <J^xA ClAa 4 _ajI^JI CjUaaJI ^3 AaSLjal S^xo 3 ^1*^311 aA^Jj 

. CB jJaUL JIJI (Jj^^aS sja.1 Aau 

SAj3x J}^ I jJajI l^Al <-** JaJSIj 4 _ajIa-o Uajl LojIa ISOlatOrS JS (3^15 ^-C^jjuo ^jl Iaa.ylj 

.4xolaj^SI jJal^JI ^ JlaJI jA ( vtxa Axujjjuj) ^IaJI ^.ajjuoj CjIJIj 


Aa^tlJI 4-a.L.nJI 


i^.j^.a\\ (jx^V ^juo ^1^ l-ai\Vjua\ 13.3.1 


Iaj jlxla.VI ^jj) ^l>ji SAc. Jl ^aJI lxJjujI Clua. 3^1^ Jl ^ ^m~slu 




Vertical Break • 
Double End Break • 
Center Break • 
Double End Break Vee Type • 


Vertical Break? 


(Jjl-C' L "ijxo I a £xo 3_3^ Axa^joJI li^la ^ 4 LjAj^aC> cJ^axA Aalj ^JjA ^ja ^jSI IaA 4Ia^xJI 

A^a. 4 Ia^ Jxjj ^Jl Sjjj^aSI Lo^ Jc-V ^JjJI Jl Jl ^jj ^ • 1 1 13 J^Aill 

.xi <J 500 
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y\\ kklaio £A.aq.a) dlMlI dlMlI l_jL3I 



Figure 13-10 Vertical Break 


Double End Break 

^aJJ ^ i 2-1 3 L&s) { ^9 CjAaII (J>L^ (j-o 4 ^j^j ^aJJ L>° ^ 

Ljajl nx31j (Jja-^ 3JJ (3i>^ (JC- S^WI 


^9 cjI^Loi^ i^j (jj'ul ^ 9 |^a]| ^9 ^ kni 4 _j\j vertical switch 31 cs^ ^5^1 13 & ^ihajj 

. Ijjojjj Jjj] ^ LiA9l ^3j3]l (J*' ^aJJ <-** ^jajj^]| fil^jVl 



Figure 13-12 Double end break 
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JjjJa (jc. 


SpUl ^aJJ ^ 






(jl^^JJ (jAjUlLg (JJC-Iji (j-Q 4_i^jaJI <jj£jj IjlA ^ 

c gxrf'-Tnx^ ^k \jjj£j (j4 -Laj ^k (jja^iaH { j r aA^Ci 

•(13-13 c&a) 


vertical) (jjlaLoJI ^jc. li& s^j 
c> oj^ ^ (break & double end break 
Umj" two insulator/phase" Jjl^l ^ Jst ^ 
^i) three insulator/phase U^j jUjLJI jl^l 

tiljVMlI <. Aj^aj (Jjlc. 13 a 

c> J *(u^^ ^ ^ gb^* <-Ut£ 

^ phase l)^ AiLoixi < >> i\Wn 


.(jjAjLull 4 JjULa 

Double (jjSliuJI (j-o J&*\ tilliA j 
Jt ^k ajAj End Break Vee Type 

c£p.l <j>ULa ^gi^Sa ^glc. jtmJ) <jSL]j Double End Break 



Figure 13-13 Center break 


.Knee Type j Pantograph Type 


4ball ^ 


I $ J«diJI 


13.4 


( FGGdGr (^ua.2 dA^.\a^. 13.4.1 

.3-Phases _ll ^ja ^**01^1 OB .1 

.hftjito la^Jl 4 ij(m .2 

. ^jl—ix^a&ll /_lx^a3 • 3 

I 4^gIa 4_lai^alo 

.IxJ (^)J1 x-sla]^ 4_ia»lj ^aJ t 11 4_ia.lj ^ja (Jx ^jj ^j| (Jj^aS Ale. ^cJjj 1 

UjLoj Uj^3 ^kj\ Jj Lu* capacitance cjIxjoj (J>Lk jLp Ixi* t <^U3 

cjUII ^ 
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<kLala £A.aq.a) jJuC. cUIjII dlMlI L_jL3I 


: (<s i^\ £a!j ^±j*oyl C±\y\aL, 13.4.2 

. c£i]3 (^ja £xa In'S 1] JajVi Ajj^juo (Jx ^o "> .1 

4_j j^juj (Jjj^ajJ .2 
. 4-ul^^ll j »3 


. 4_^ol i ** u Ml / Iw/^ a_S , * w\ J^Nl_y| a tun vJ i 




<1jl juiil j.\ \ ^Vijua^W {^iajuU 13.4.3 


SjC jvljj^aJj]l ^jxt'V (Jaj q \ n>i^ (Jaa 3j-a .^aj (J^ J 

I^pVI £Jl1j 4_jA* 2]| ^UaAj) (jjJ) 4_2ali±a.VI 


. (jljjJaflll Jajjj 

- (Ja^^g (J_u-ajj 

. dll ^3 JlStiil 4 'lM n-vNf 1 /j\ u>>q \1 ^ ^ \c. Cj^JJJau] 


. /jl u>>o\l (Jj^a^a (J_UasjJ ^)Ai ^»JJ 

.^JIxjoJI /jl n>>o\l 4x-j)x^^^ 41 aa3^a]I £_ul^J A-jlalilaVI ^1 u>>o\l ^jj^l^juo (Jjj^ajj 


.4 JaAI £_LAal ^JIxjuII /jl u>>o\l (JX> 

. ^jl iJ^ 0 J}^> ^ (JJJ JJ >a ^jljjJaflll (Jj-ajAi ^Ac* 4 _^£jaAI IjAJ 

. ^jljjJaftll Jajlj ^IjjLg (Jx^iflj 
. Jajjj \f\ t m I 


.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 


. ?^^\\ l_A^.juu\^ c A^\\ i^j-^'3 4 AaiA\ 34.4 Ax 13.4.4 

"JaaJI (Jjc." ^HaA-axj c "JaaJI (Jj^aS" ^AJoA^axi ^jjj (3^ t Feeder (_£A*x]| Jaa 4 <gKj , , U^i)?*l 

: (JS M\ jajll ^ 

4_jj^juj Jaall 4 ')f\ t m j 4jlliLxi (Jjjdl (JAaJ j i OB ( ^1xj (Jj^aS .1 

SjLoil dl^La. 131 c & Q\i ^jjUjjoJI 13Aj .4_ajJfl>i ^pajjljll (JAaJj ( 4 _lo^a*JI ^jljjJafl]! 

jia c Autorecloser J) ^ ^ SjLii u*U3 Jj j! c j£aJI 4_>V t Relay J) ^ ^1! 

.4jjI^ <_5-^ ^paJjtl]| (3^ Ua.1 x^ix> JaaJI (Jj^aS ^jl 1 
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j$\\ 4jujAiA ; £j| j]| 

4 n^xti ) (J 3 *J! j c CB jJaUl) ( Feeder ^aslaI) ) l!}^ 

IaAj .AjjI^j ^ Ja^JI (Jjl ^9 ^jAaJjtill ^jj^I^juj (Jjlc. j 4 ^4_bo^a*JI (jjjjJaftll 4 Aj^juj ^ Ja^JI 

. \ 1 Aj\_ix^a ^ j ^ *jp. cAjA^^J 



(j-<» V 9 t Relay -11 iy V t CjLulau (J^jLoi (jjA UjIaIj ^)Lnil ^UaAjl tijjA^ 4 j Ax^aj 9 A ^“\W cjL^joAI lj 

j (jljjJa3 {y AjAxAI] ^-UaAjl (_)j l (jJdfljLall ^^9 CjAa> La y&C* ^1c« ^jl-lx^a]| ^l^Lua-a 

(_)^Ja (_)laC> CjjA^ (jjAjj CjLuIxj ^jLuj (jjA 4 _i 3 ^£JI CjIAxaII ^jLuj ^ 4jjJojV1 Cj>LA£JI ^ 4jj|^JI Ja^LukJI 

. 4 _Lx^oII 

J-JI J\ l^ia uj[hWI Ji^Vl (> JU V5 6 sIaxaII ^ 4 Jl^JI 6AA CjIajla]| ^aa 

^^yj CjIAjlaII aAA (JjxjuG 4ijjau^l 4 $y\\ (y ^aj>UI (Jjj^aall Aau Vj — l^JLjjuixJ SaIc-I 1^j9 

. (4 L>*\ a\\ 4jAjj ^1 ^ \ *N. /\H 


Current Transformer jL*JI q 2 ^$ 13.5 

CjIjIjj ^11 4_ll*JI CjI;Uj1! (Jj jVn CjV^-aII ^y lAA ^ jAj i~ n«v c 4 Li*\ xlL 4 jjojLojV 1 t— sIAslaII ^j-a ^Aj 

S^-^l ^1 ^UII LS^ (^y\ jLn]! lAA £-a (^y ^n-al 5 ^n-al 1 SaIc. 4_jJ aA^A-o 

.(o-UU ^1 4 jLo^1]) ^Ia^JjojVI ^UtiN <A11 a (Classes) ^)Lii]! Cj^yA t fljn^il ^aJjj .4j\ijll 


. 14 — 13 4_a11jlSI a^< i L<uja3V (^Jj^oaIa CT _9 



Figure 13-14 CT 
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(jUll A^Iala L-iIa^-a) Ulltdll dlMlt L_jL 3I 


f* Bushing Current Transformer, (BCT) jUtfl Jliif ^ >.! Jii ciiu 

j( Bushing aj^jUJ! GT Jl <■. nSp 

(JjujIIj SjJaII (Ja JaiJI AjjSjj ^jSaj AjI ^A j 4jjojLojI S^aaj IU J)Ja" ij 

Ixa U£jj lilj CT -11 c^r^j S^jW) ^ JIjjH cs^ CB -11 <jV • vU*aiiA AjjSpl a_^UJ) 
.(_£)iui US BB Jl AjjSjud JJ CB -11 (j-G CB -11 JJ ^LUUj A^Aj CT -11 

Uij . (J^ J) (_)^U ^Jjxll A A,I^Jju1a1I SjUH UJa SAxJ jUll CjVp^k A ^judAjJj 

Oil Insulated Type -1 
SF 6 Insulated Type -2 
Dry Insulated Type -3 

. A_ij^£j| AjU^JI Un3 l_jIjS 1 p^^ll jS*j CjV^-a ^jc* Uajjj jlnl! CjV^-a (jc- Ajj-Ul 


JAaII A<S$a$13.6 


3^ljClII (j^a jjC(cJ^ 110 S^lc-) 4_jJafl^xa ^_I| AjJlxJI _1 ^^^ diY^a-a]! ^ya ^jll I3& 

. 3 ^‘"H ^Jaj 4 ] l ,iL- 3 / I 4 jljj^aj . 4 jlS^]l S^a .1 jl ^j-uUill S^a .1 £-a ^ai 3 ^'~'V ' ^ I' a 3 & £-a 



: ( _ s Jj LajB A^alt 3> a - a - a 

Voltmeter) Ji* <_>aUJI s)$a.l 4 ji»j • 
(VAR meter Wattmeter 

(Protection AjlaaJI sj^J 4 _aij • 
Equipment) 

a (Fault Recorder) ^LL^VI 3=^ ajJu • 

4_jl (J 4_]aa-a (Ja.1^ I3& 4jL3ajj 

■Ixj^ 3>ta, J_i3 ^ a Hjj Cjljliill (3a ■ aj 
4 3 1 '~' a 4JaaJ > J U 4 (JJaaJI Cjj^a. 

, S^a.VI L^jS ^" At-.'*" 4_laa_i]l 3^ 1 L 'J t<a£ 


Sketch of Voltage Transformer 


tlua (Synchronizers ) (jal^l sj^a.! Ajiis • 


4 Phases and Sequences Jl (jal>j 4 ^jJI <■ ^aJI cgjLuu : (jal^JI cjULac 

JaSS ^alll AAjt- (j-a 4jlj ^j£, SpUl Jj^aJI CjUaa^a ^-2 ^ '4" .^ 
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j£]l AjujAIA ; £jl jll C—lL&ll 



Figure 13-11 VT 


( Ag'sll (J^-aj jtnll J^a) ^UaSI CJ^j^a (JJJ 

aJL^. Ia^ (_)jl£j| ^Aafil Ajla ^j V A^-aJI (Jj^ ^ (jl 
4 L>fl *i ^ja AJa&j ^ja 4_2I jlu]| (_)^»Aj (_£a!I ^jLlIII l5 A 

•i£>^ 

(JjjL-ajJ^ ^ 4 L>i? *1 ^ja (J_U-ajjSI ^aJj3 A^_^JI CjV^^a ^3 Lai 

(Jj)*\ a\ ( ^ALaSI cJl^lall 1 a'))) 11 — 13 Jiill Ia^ ^ ( ^£' 

V Ag'V (Ja^J^ ^I^BaW x«o (Jja-^s jj c^ILoj (jc« SjUc. Ag'sll 

S^joiL-a (Jj^ajj dlLJI Iaaj ^ gj» x>i jLpj c_A120 J^jlVn 
.4_la^a]l ^ ua (J^Ja ^jjjLaSIj AjIa^JI S^-^L 

I CjVp^k 21 aAA ^-I^jI (JAJ 

Inductive .(I.V.T) aj^JI a^I cJ^a .1 

.15-13 ^ l*£VT 

Capacitive (C.V.T) aj^I a^JI cJ^a .2 


.16-13 a^l^il^.VT 


.AjIa^JI ^ ^USI CjIAjla ^ ^ (JjcjdjiA ^Jl EHV (jjUll A^JjoJI Ag.^ (jAa&iJ CVT -SI ^A^JjaJ 

two capacitors in series Ji^i ^ ^&£* a^j^ aL^i a^ji Ja^jj ^ CVT Ji sp 

^ic. A^-^JI <A11 a ^aJ ^ 1^11 A^-^JI i^ja (_]aI -j &<*\\ A^.1 ^Ac. A^aJI <A11 aj 12 - 1 3 

2J)^ ^ ^ja LaL^sj^I (JjJaSl ^5^SI Ia&j .A_ijHa-oll Aa-IaSI ^Jl AjJa_iA^jj ^jftj £>j j^ Aj (^aSI ^ (J^^aIS ^jIAjjVI L-aIaSI 

• EHV & UHV Jaj)L>^k AaI A^AjuoI AiC- (^Al*JI A^-aJI 



Secondary 

lerminais 


Figure 13-12 CVT 


: CVT 4j^xuJt cS^j^a LxjLuj ^ i* &\ Sky 
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Aklaia £A.aq.a) diMlI dlMlt L_jL3I 


. CjV^-q ^jc. a s i^j (Jal l^jl i JjVI 

JaJj c it^A^ Cj9^1I ^jjoAJ l~ n«v AAilaj l^j 03.p3.CitOT <. filial 1 (jl 

Power Line asU^i i aj kL ^ cjU^l JL^jVI e U^l Coupling Capacitor 

s^-^.Lj cjUa^oli ^ 4 jIa^ji 534 -?^ ^ jjj cjVL^ojVI ( > jiai > )C'V Lj gj jja a^ i^v*unt ^^^>i ^31]^ Carrier PLC 
^juoaII (jjj^aiAj £-^]j »Tele Protection a_3c> ^iLj ^31]^ a 1 Aaa]| cjLL^-aIi ^9 ajU^ji 

.l_jIj]! 13a (j-o Cj'V 1 xL 



AjjJ^I CjUa^oll ^ CjV^^q (JLgj AajUI -4 J.KhJ c . u>i\ CjV^^q (Jl^jail JAjujj 

.Jojujj 1 a]| 'sll Cj 1 _^]j AjjlxJI CjI a\\ ^^9 CjV<)^ a\ 13 13 ^9j 


uid11^^Uj2 132 ^^Uj2 



Figure 13-13 Jll^S 


(Earthing Transformer) jiu/UJI 13.7 


spixa JjUuJI 4Jaij J\ (Solid Earthing) ipL* 1 jJaJjtj AjJajJ-a jj£j ^aJax 

(JaIaiI j aJ^jujJ AjLaaJI 53^-Ski IAjj-qj (jl (_)^3 £y* <^H3j 4 A^uftll AxJJjj-a (JUaC>Vl CjIjLj (J*a>J Lua 

. Cj)J!x-a1)j (Jjj^xJ) Jc- 
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(_jjail ; £jljll 

L&a i^ £0 <^1 CjV^-g (J>La* (j-a jSlj 4_jJaJjlj Ij]^ (J^joi 

(j-o (jlS SLD Ji ^3^1) (j-<i C 5 jk -^j^ lD^ jliiSI jjj-q 14 13 ^ ^ 13^3 

Aa3 £• (J3 ^-a ^hVi J Juc. La! 4 S^jLaJI CjLjj^xJ! JvLk (j-o (Jj)^x>U 4x-32swj (Jj^jjoixJ! 

.4_laAlll &La J 3 ^. cJj 1 (j-a Ajj-ol (_£^a1I ^^9 £2^3-0]! ^j\j£J ^-32*3]! ^j^QJ3 . ^^9 




l 



jIjjuj j bb A \x^i"i < q Q 3 ^J S^lc. 1 ^j9 CjV^-aII Ajc^aII (JillI CjUa^-o ^^3 S^lc. ^ Vntn CjV^-o 3 

djj^. aJU ^ jUl! iojS Zero Sequence Impedance J! a^£ ^AJ bhll ^ ^baj ^3 

fi jlA CJ^j^a ^,^n>ri lil j t 4jjJaj! (JUaC.! 

4_xu9 J! 4jx>ijVi CjIjLj 4_xu9 4JlaJ! 

(Jj-oalll] 3 la£9 ^jJ^jjtiil ^ w’n 7^3 ^piLa]! jluJ! 

(J 3 ^»J Jalij 4 juj! I 4 ! (jU ^ jjj* aJ 

CjV<)^. 15“ 13 (J^oJi ^ Lo£ l^J Ja£9 
^ 33 ^. JaLL^ ^^jIJjjV! ^a. 1 ] Jalij l^J (j^fb 4 j^Ll1! 

.((jgpbJI 

(J*Vn i~n^j cjJj^aW tsA^l Ratings J! ^jj 3 

4 (_jjixLk UU^M SAa] 4jjJajVl diljl_n]| jj 3 >q 


Figure 13-15 


^aJJ 3 JJJ^J lilli (Jj 9 AjLoaJI (J-OJU ,jl ^_L^Jj 

. 4_Lx^a 1! ^jJajlj CjV<)^ x>11 &3a J-U^ajj 
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(^JlxJl AkLalo £A.aq.a) jjaC* lUIAII dlMlI l_jU 3I 


Circuit Breakers $Jal£jUll3.8 

Protective AjIa^AI Cy 1 jSjiba jj! SjjI.AI (Jj*.tAjj ^jc. (JjAa^I SjjI.AI ^Aala 

<^a cjIaslaI] jlnl! (Jjx.ro jj j (Jx^ofll L£ 6 AjjUali (JUac-Vi AAla. c^AAj Relay 

-Al (Ja (_p^ V AAlaAl fijlA ^5 SjLoiVl (jSAj 6 4jaljJaVi ^1 4jljt«o\l 4_aA^AI .Ik^ biajl 4 j*ji)o 1I <*_9jj^liAl 

.^Jalill Lj^j jfc Jj c Relay 


(Moving e/)aAI (Jb*aAj| JUC. <-**vW~ SjJjjAl e-lilal ^Ac. SjJIaII ^A ^Aal^iAl CjJjja ^J 

4 jjUJ) cjVUJI ^ s^iJI ^UjI jJalill J^b (Fixed Contact) c^bll <^JI (> Contact) 

. ULLuj IaU^A ^lAI (jj£WxJl (_jc« Sjxo]! eJi^j CB -II Jj j . (JAac* *Ula. ^^a ^1 


Alata 4 A 1^ tti A KAtixi CuA ^^.Aj 6 ^AaljiAl C-1A (JjjljojJ 4j^.Ijj 4aAC> ^)jSI (Jjaj ^AaliAl (J^b 1 tATi ^lAI SJjjoJ! ^ 

Ual£ Ullc. 4 i£l (^JaUll ^ 4 ^ L_Lai^) Lg\n <jja ^JaUll <J*.b Contacts -II JU^ajI 
^Ac. ^AaliAl ^ajL JjIa ^jbj ^aj (Ja^ t 5jj» t«o 1 A 4 jjj AiLmxAl (j! IajjaV ^AaliAl ^^ajAa <jjj (Jj*A! ^y^S\ 
l>° j 6 Contacts -II (j^ 4 *al^ll Ash\ a\\ s^Ab *btti ^^a <« > \utfn jLnll IAaj 1 Arc ^1 ^jj 4 ^ ^j-oja (J^a 
bal£ A 44 AI (ajjI^AI ^AsI^aII ^a Lo£) l ^jjjj ^.I^AI (j^bj jsl t (ajjjJJI ^Aal^iAl ^a IaS) JIAa CjjJJI ^poiL 

.SjIjjoAI ^Aaa «^blo\l ^CrLoiA l£^’ la^Aa ^AIa 5jjI^]| l)j l ^ j s ^AtAbj ^jj^aII IAa ^.IaA 


Ajt^alaAl Contacts Al ^Ijj ^AaaA ^Aalill (J^.b jA J±i ^HSI 4 AJI 4 AI 4iUa]| ^ ^jc. 5jSa ^^Aaau 4_AtAI AiJLaAlj 

:4j 


0.1 x (a^jIAHj) SjIjjoJI (Jaj x ( MVA ) jAalill Sj^a — ((J^a^lj^llj 4 _ujULq) SjIjjoALj SjJiaII 


(>j 3 6 500 MVA (Short circuit capacity ) ^Jatill jl JIUI ^ 

(^Ltu SjJ)juA1j s^ajjjuoaSI ijjj^sil shrill (jla 4 0.04 sec SjIjjAAI 

500x0.04x0.1 = 2000 k Joule 


2000 bA bjjA (j^jj S^a.l_5 Aji jja <>UAI (jA 5j|ja. A_2kp jiJ ^g^j cJ>^* <jl 


. (J 34 . 
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j$\\ ; £j| j]| C-jUSlI 
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* \ j^.&.\ J, rjv.y^- "■ \ 13.8.1 

. IjjSi JalijJ 6 4 jj1j Jaliij ^^ic- 4i^.l J ^ Lo^oC- ^JaUl 



^jjiavIj Jal&j (JlLsiJ (JjVl s^JI * 4_j^SLa 4J^pkJ>JI Jalii]! (j! I (J^Aj ''hu^cT > CjJjI 13]^ 

s^c-LuoaII Jalij (JiLqj ^)Ln]| |\/| 3 in Contacts ^j^j jj 

(j£LoJJ . Jalaj (JL-£3 AjI 4_AaC. SjjuoLia C 3Jjg i J ^lill ^ jUl) l$DL* Auxiliary Contacts 

l 4_Aa3lSI ^-3 20 _ 13 J<^ 





Figure 13-20 £^1 


I^ja (JjVI *>JI (Jjj-ovIj ^2 43jIj3I ^jjaa>Ij 3I Jaliij JL2kJ 6 ^^)Lou]| ^.x^aSl ^xAllall £jJaj 

>C-aAj| J3 (jJOAjLoJI 3 j 2 JalAill (jl t ^jIj Lo.liC'j .^3 4 a!\ Jalfij 

(4 f&J) (Jjj-ovIjH laUj (JvLk (j>i >L.lJ Jl^J (JI3/2 J^3! <jV lC jjJL^. (JjAj £1 
S^C.Laix2l (jLixujjJj jLajJi (j-a ^133! (J^joJI La^ 6 (5 ^a3j) Jalfij ^jt!i3l 

.Auxiliary Contacts 

djj^ (ji]j r^Tijj Ll*i cjI^j (3 j 2) Main Contacts 31 jV 1^ 4_*U 4-La 3I aj&j 

. L^_aJajaj < ^Ac> 4_3lc« jULa V ^ J (J£t3l Ia^J 4jIa^. ^>3jJ Lui c 1 SjIjjoj 

t Auxiliary Contacts s^lauJ) lJ \j±J^\ jjj Ua <j£3 cJ131) J£jJ) ^ <4^ ^Iujjj 

^^juoj- 31 ^jJa1^13 &3 a ^l^jl Lq ^jjaiU ^j 3 ^ c_ Uti^^ l)[y!d\ ^.Ifllal ^Uaj (J^ ^ <j 

.20-13 J^3» c> ^>3i ^ 
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Aalaia £A.aq.a) jJuC* * ClJtAll diMlt l_jL3I 

^AaVaW-i I^ua!J.W o\3^\ 13.8.2 

:^Luil 4 j>Ij l^jt (j^y <■"ya. t (_£)aI 4jjI} (j-° ^Jalslb ^J“'ll^' _^laj]l (j£aj 

.Sjl^iSI tULI ^ Oja. ^Extinguishing Chamber) el&VI Sj^a, .1 
; (Jjx]l ^y> ^|^jl Su£- ; Jjbdl . 2 

(SF6) J! jlc- ■ 

CujJI ■ 

*W' ^jSLa\\ Jajuj^]| ■ 

(J_ L ^JaULlI ^3 ^Ac. Spill &3A (J-gju ^(Mechanism) 4£j2±a dp3 .3 

50 ms JjAa. ^^3 (J x, ^aill (j-0 Ll3^ U’ ^Aa^^3 ^ Cjj.^> t 4x-j_ ujj C_uIj.1I s^AI 

.100 ms ^ 

S^a\\ ^ ^»A\ CiViW 13.8.3 

^lial <Lg^^AI Aujiill AjS^^AI ^Ac- (Jj) 1 ^^!! cjUII dj^\j clluA 



:(,<jj 4* ^ ^uuiaSa Aluu »ui) Spring Operated 




CjUIaC. ^^3 4_xiCiujalxAI AJjuJJjuj ^j^JOLi ^apL C tJ'NJ 33jJ-G ^1 ^GJjalxi ^)I_U Cl^^G ^^jll IAa ^^3 tJ 

I aAsl^vLg £-g D.C xn AAL^. ^3 Ijj3j ^IuAaII (JpuCu j . (Jj* xTillj (^is^sW 

. jp^^ll AuJliu (Jj^a3 dlA^j ^IuAaII ^^A^la (J^ aAI^AI 63A ^3 .^'nII 


(Jj^a3 L_J^2kj ■ 


Pneumatic C.B 4^t$A dj,pJ Ajit • 

^3 Jaj* *>>ixAI £.1^11 LS^ 3-<u*-Jj ( L_9.d 66/220) AullaAl Aaj* x>ill CjIA AjjI_^AI ^ujIaaII ^3 ^ Vhmj 
(J jA-aj-ill ^\ (Jj^aflll 3JC- ^ (Compressor) 31 (Jjj^la 17 ^1 Aai-Call IAa (Jj^aJ tC n«v (Jjj^ajullj 

Lq| 6jIA a (Piston) *1^31 a^IAa ^jj 

• Cb ^aVl L-Lud^> vLx^a3 >C-aj 


Hydraulic C.B djpJ aJT 


^3 <^uxj j s^jjjaAl ^l^IaV (AjjUJ)) SF6 3^ ^h]| ^pIaaII ^ 

.cHajJjAI ^pjaAi jj jj^qj spring ajjujjjoAI ^Aaj 4_3t3l . A_x-al^JI 
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Ak^ ^jUiVl (j-<» 4_i]lc. 4_2kjAj Jjxqjj i~ n*v <Ah^a]| 4 _i]1j SJjJj-g S^lc. (j xfl 4 Laj-oc-j 

.4_Lila 4_j\jj^aj (JjJal yt£~ j (J-i»-JuIl 


Low Pressure 
Reservioir 


Interrupter Contacts 

o- 


Stored Energy and 
Disk Spring Assembly 



Control Module 
and Main Spool 


Trip Solenoid and Pilot Valve 


Close Solenoid and Pilot Valve 
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AkLalo CjIa^-a) ClJtjll Jj^aill— dlMlI l_jL3I 

^UsaIU gJal^JI $l$j| 13.9 


ll^la 4 1 ^ j\c» ^Sll l^jljJia (Juin CjUa^A ^a 4 a^uhJI CBS Al (j-a ^-Ijjl Sic. dl jA 


. (3.6 -12) kV ^ ^^kjjauj 
(245-1000) kV 


• 36 kV £A ^iSCjalJj 


Oil C.B • 
Air blast C.B • 
Vacuum C.B • 


.(36-420) kV ^ SF6 C.B 

• 12 kV 4 h>. >ijixil|j 4 k^ks\\ a\\ i i Air break C.B ^>sJ ^3 ^ cIUa^ 






Oil CB : 13.9.1 

4^lJa 4jji la£ UjUa^Vt (JJJ ^ t UC^^ L^i Jjjj La.lic. 4_jl 4_La f . 

jiijj jAaUll (J^l ^ laxCall SiL)j j . CajJ> 1I (JaJi 4jjlc. Cjlc.Ua il jjj JlilLij C_u)ll (Jlai ^ u liT< 4jj|^. 

CjjjI! ^a L-lljAaCal c_ ijjgjjj 4_uoj a !1 CjljUAI b CA 


Conductor 



(JjjjaII sAiLl J! <_£ijj 


^pCj jl3aJl ^^Ac.1 Jl ic.1 i>^iTi 4jaCUl! Cj]jl*Jjj 
lil 4_jli tillilj 4 ( ^ 5 Ac.l 4_i^Sll CjUCa (Ja 

jlajjjl cN,kj iaa Scjijou* CjI Vtfll cca ccl£ 
li» >>» CjIA (j^£j CjIc.Ua! I aiA ^jL IaIc. 

lil ^Ac. 1 )->» >iljj Icaj ^Alc. 

liA lU^ bja (jl)aJl Ajoia. u' c 

JJUL jl>kJt XJ Vi La£ 4 JaLJall 

. (j|)aJl (JaAi CjIc-UaII fii^A 4_a.LaiA tiljj L_LaJ (Jj 4 CjJ^lL 


ixj (jjjj£ll (jj£j ICajI 4 nar tj 4 4^11x11 Sj|^aJl 4 ^jJ Cjc. (JIxJjoi>U vLli (jji CjjJ> 11 <jl g^jl! liA L_nxjj 
Cij^II jUjS. 1 0jlSj ^^ic- ^Uj) 4fljhn jl dAjjll JjAjj J! 4^1^11 ^jjj JlSlL j 4 ^.Uial 4 j\aC. 
jUj jj)^)a 4 >jVi IaCIc. 4_jlj J) j a" j 4 Ai* v>il ^lH^J Vj Ci^. (Jjlc. 4 _aIc. 4Ax-aJ Cjj^II . (Sjj3 

^jjIja jjc. ijL Cjjj 41'N a j ^gAc-V jijjja 4SalA^ <Jaj — CjIjAII ^jjb iu*n ia Ia jAj — 4_^a Jlc. 

. ijL Cjjj 41*\ a (JjiJ JjIIaII CjjjII Cajj (Pump) 4^ >>1A 4 jla ^Vnuj UU^l^ 4 (^gjtjfla jJj-ij) 
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j$\\ ; £j| j]| C_jUS3l 



Bulk Oil C.B (Dead Tank) • 
Minimum Oil C.B (Live Tank) • 


j c ^) 1 J^ ul)^ Jalfij Bulk Oil ^^Vl 

dead tank ) ji£l\ cj!a ^[^31 
UjI ^jod! cjnxj . (breakers 

li& (jc. 4laJj 4 jj^ 3> cJj^d 

4-1a^ 4j 3 ^.W~noj lilj i 4 

S-liLlaV 3afl3 j J>13 CjjJ)3! ^ja A a~\ » i-i 
^LaAaJil ^9 I^-Lq -j>>* ill (J]jj V 9 . 

.22-13 L&ilt ^ ^ 



Figure 13-21 


j c Jafla ^jjoja3) 2LvL\ Cij^I cilia, c (jVI |;Ljaj| ji£VI 34 ^ Lai 

joj-^l ^ U£ Bushing c> ^1 <_> 4 *ijj 4 Jjc. ^ 4 Bulk Oil Jl ^ U£ 

^-xuoUj (jiajVI (jc« 4_IjjjL/i L>° 3* ^juia. 6 21 - 13 ^ja 

Ljaii Ail li Cjy>3! 4 _io^ 4 _ 1 a] . (jl^all 4 _^^jjoia 3 I Cuj3l ajla£ (Jaj ^ Live Tank 

£a lL&jc- ^ 5^5 Sj flln'v ^ja AaJI ^^3 tnj 

. cij^U ^)j FW cjUVpJI Cj! j 2 _L|^a3I 
L^-Lq (J^Lubo ^ja ^jIxj Va 1 jaC- 4_lLT}]I U^ 

Cjjj-Q JAjtJ A -V n ‘1 (JjjflulA L-AJLxiaj i Cjjjll C_JJjuJJ 

4^jn j^£ILa31 ^0 4-ia.lAj Jai-jJall IajjI ^ 1 

.jijj-a (Ja*_xu 4 jj 9 ^ 4_jljj^a3 C_ljJ>3! S^kJ ^a£ljli3 


* 4 1 * 

)$}a Asu VI ^ia^l jLn3l ( j-Lli (Ji*jojj SaIc.! ^Ac. c_iaj 
c" futnj ^-xuou] (JJasdl (Jj^aS Asu (J^VI ^jliA ^j-ic. 

.Cujll A^)JJ 4-La.lA SaIjiaII CjljliJI 

(_]ii_jou3l Cj|^q ^j-q AAo Axj C_uJ)]l c _ 

. JlLftVl aJU 



Figure 13-22 Dead Tank 
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A^aJI AAlaia £A.aq.a) dlMlt L_jL3I 



-= Air Blast CB ^Ai\\ ^i\\ 13 . 9.2 


1$jUW iJjA djjia. :uc. Air Compressor^ iclja (^JA lAA ^ 


A_ajB ^ Ia&j 6 Uaj)» >^>x\ (_)aJA U3^ AjAlaJI c_9j^)la]| ^JJB * (23 — 13 

LaAic. J 4 Ail^Jal ^Ac. A^jjuJI ^ ^ (_Aa^j AA^-oj ^JIaIIj j ^ ,>>\l IjAjla l_LujIjjj A_2 jl*JI^ (Jjc. 

^il (Ja-aAl Aajud^]) A_^jA £J2 jjjj ^Jlc. (JL^A 1 A C AV ^jAa^JUJ ^JalAll (_)aJA JalAj (J x «a£JJ 

£AAjj <A11 a Aic. . CjjA^j (JjlxJI W ^jjlj ^B 1 ^ MiA j^IaII CjUjaII eJlVi 

. jUl! £-laB ^aJJj (jjlA]| S^Ua ^s "AAj A_2kjA (j-aftaJjj SjljjaAl A_laJA >L^al 2aj)* x>i*c3l 

:l$l* ^-laUAI ^jc. CjjjjAA 5Ac. Ia^Jj 

.Caj^I I^jB (.^ Unfn ^1 jilaal A^a>j V • 

. Ajjjla (Jj-aB Axijjoa • 

. ^^Aj^II jlaUiH (jA Jb) AALu^a J! ^lAa^J • 

* 1 ^ j,^ 5Ac. aJ j<\ 

JaiuJal) saIc^V ajuoj ja Air Compressor Aaj£ ^ v>j saa*aJ! J^aSl cjUL*J a^UJI a^ • 

. Ja*jAA AjLc. a*j aJUJI aAxua! aAaJa 
. Aja*a 1I ^)_Ujji^ W L_JJjoA] a j\1 (AIIAA • 



Figure 13-23 Air CB 
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jill <LulAi& ; £j| j]| 4_jL£]| 


: (Vacuum CB) : cAVi\\ ^i\\ 13 . 9.3 


^j.is ^JLlLj 4 j\aJ. 4I 4_9l^!aL AaII AoL^tl LILa £.I^A As^J V ^24 — 13 ^pll l<AA C5^ 

(_)^.Ia 4_jll^lal C5*^ AjalsLA Ajjjiajuol ^pa (j^£jj ^Jal^ll lA£3 . aA^.Ia. 3 Sj|pA <■** v^~ 

AJ ^C-IaII 3suud^]| ^Ia*AV Aa^J La (jlC'jjui Ajli A^Jdj ^Lj^fLlI ^ja^aII Lli 4 (JaI£ 

. LLJI ^\ 4i_u^ll£ 

^pll I A& 4-nxj 6 A^)^Aa]|j AjjLII (Jaa>L]| JaAJ I^I^JAj AfC ChSmbST (j>a Oj£jj ^Jaliillj 

^-LIaII J^lA L-JJjujJ ( ^AaI 4~ VW IaI AjI 


jL^Jljl^ Sp j£ SjJjjoi cijjA^ Jl (_£AJj Ajli 

.gJaUll cplL& 
A^JI CjUa^a J Jalal! Ia& ^WnJ jj£jj 

J£l ^—3 cii 33 A^^ Jauuo jAa!I 

. Jl^JI CjaJ l J cAUa 

(3 t«oflll (Alijpa AAc- LjjL lAA JpAJJ 

(J^aLAull AJC> JalA^I jaC- (J>L^ l^J ^.a^iaII 
CjIjaII a Ac. ^UjjL jjajj L-kajj^ 4 ^aLJI 
^paaJI (jjlj Lll^j 6 ^y*a&l\ ^Jc> 

Jl 50 (j-Q (JaaLLII JaUil ^gjJajjjaVl 

JJ>3 Jc. AJC. Sp* 180 

^PAaII jLjIL Ajc* Spa " 10000 

JIa 60 Jl 40 (JJJ (Jj^aII (j-<aj Lai 4 A_plj JIa 75 Lj& (jjp cj^ajl (jL IaIc. .^aLLI 

. A_i3tj 



Figure 13-24 VCB 




JajuaJ JaaII s-I^JI 


. l^J SjjpjJI £.IaLI ^aJJ jll AcJaII AipJI ^‘S'V J» ^ • 

. ^p«oflll ^)l_n] Sj^A AjA^, i3 k # 

Sj±& Sjj» ks-i\\ AjjI^JI Spull jL^jl A_ajLa] (JjaII SAjoi • 

• Jj^ 

. a_2La]| Jl cjjaVI 1$jL ax^)Aa1I ^jjIaaII jpAj • 
. cjjjuojj aa Cjljlc. jl JLlLLU aLIS (JjI^juo ^^ic. I^jI^I^I ^ac. • 
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43laia £A.aq.a) Cl3t!3l Jj^aill— cUUill L_jt3l 



• ('JjajuuII SJ.1A ^ ( jjft ll 4jL2± • 

Jl Ij^j V • 


:£ aljiLll &JA 


.4.31*31 Sj|^31 CjL^jJ Juc. cil^lLall ^ (jAilaflll <j-a Cjljl*31 ^a 4_i^ 4c. I 
4_i^.Uk/)l! 4i^*31 (JIajIuJ Lui J£t31 j! jU^j^U tijjVull j dL>li31 (JaiLaII <j4s^*jj 4a • 

.cMSIL 


SF6_\\ jVi ^^LLuAa ^\o\ja : ^i\\ 13.9.4 

:aS\ l^la Cjljj-o S 4 *_j ^Caj^AII (SF 6 ) 31 jlc. jj-alb 

4^3lj Vj 4 J V 9 4 ^aLuJ ^)JCj 4 (JbtJjal>U (Jjli ^)JC^ (J-al^. • 

£-1^31 (J^ (J^a) S^jalC. Jl 3aj)* t>>x3l jUJl (Jjc. ^JjL-aJ C-Ua. g.1 1 . 12 * 4±^, (Jjlc. • 

J 3aSl^J 4 jU JlUlLJ i 4i^*31 Sjl^. 4»^j4 Juc. <j^p.l S4La ^1 £-a 4Vn V 9 c Ljlj.aj^ jjLLn.a • 

la£ (Jjjtalull ^LjjI l~ 1,h1 ^-31 gjaC-j I Jb^all (J£Lolq ^ya CJvLx^aj-all 

. 4_ij^£]1 CjUj£L3) j CJvL-^a j^JI jaC 3aSl^J 4il 

2*5 43j>C. S4 juj (jj£j ^yjJ^-31 ^g^Jl h* x>31 ^3 jUlt li& • 

S^a 5-3 (J-a*Jjaix31 jUJI li» >>» S4lcj ( s-1^31 (j-a (Jj^aSl S^-a 

^j-a Cj|^-g S^juoC' (Jxiaa) (Jjl*31 ^_ya\^. (jj£j c£33jj L1 )-i* > 

. *1^1 

(Jj^la ^.^jJajj^Vl jUJl Jye£* • 

ji^jj 4_^j1_3I cjUjjVI &3aj (SF6) —!1 c3j3 ^jjb J1 4_ia 5^331 ^jl jl*31 14^3 4 j>^ aIj # 
t LjJ^IujUj .4ii3jlc. 4 ^ (jl jUJlfl JblLj 4 jjl^. (SF6) Igjc- 4-iL^aVl (SF6) 31 Cj]j 3 
t ^jjj^ a ^1 4 _^jL31 4.31*31 5^1^31 CjL^jj ^jc. (Jl^j SF6 31 (j) 
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jJI <joiAiA ; £j| jll 

^^Au Ia& j t AA^. qa Aj^j£ 5! Aj^la (Jjj^Ljj Cj\j£ja 4Aj£* UUb j IaA^-g A^jj Aj^UI j lAjjj^II CjIjA 

.c±j3l j-o v^j Lq JiLa 4 _jjj9 CjIjj9 l£l9^ (JIaILoj) jl vLq SjIcA Jl ^Ia^j V jUJI Iaa J 



^>aju 


Ceble cjvLl^li Cjj^ja J a 4il ^^Au tJ5A ^ cj J 6 s.[JI (j>» JaI SF6 Jl jlc. .1 
cJU^a s^a^j 131 4A£j aSIaiiJ Ajc. jl*JI (jl • CjUI)aJI (JAujI ^9 ^1 Ducts 


- LXNfi 4J9 ^ JjljoAVI (j-o 


^&l aJ ^)Au V} CjUx^JI J Cjj^JI AjjJ (JjjJ _ui jljJ A xl^1\ AjIJI ^ja Jc-j .2 

Jl jlA Jl ^ <> jJjAJ 4AJI 4jIa^. 4j91aI J9 ,4jjJIj J_Aa l&jp£l j (jjJ^JI (JjjIjlI^vU 4\\ xu Jl CjJJI 
JL} Cjjjfi 131 Ijj >*n JJa jUJI 13 a caUaI jl Jj j .I^IaAjjuj! JJa JuA cJjlA 4 jjoj j^ a>wJ SF6 

(Ain. j-a Ig_uj) Jc. aIx^j 4j_U! 3200 (^351 (_£^JI c_9vl*il (J^Ul 6)xCr (jl V} 6 CjJslS! 

.(jAjjU (j£^JI c_a>UJI 4 _JAjJ ^Ajp^l 4 jV Sj aaJI 

SF 6 _51 jlc- (jl CB's J SF 6 jUJI ^IaaAojI aa. I^jIcJ j^ aV jll CjUabA^V! (jAau cJUa^ .3 

(J^ j Jc. Jo*_Aall ^jjjUa] jl^_2k. £._Aaj ^JJ <Al535 t (Jlc« Jai_Aa (Al^J 4xJj Aic. VI Vl*-9 j^£j V 

JXJI c^aJI aa. U k^W j! jSbll Circuit Breaker 


^^9 j 4_j_ uj 40 (j-o ALo 4_xiAAJlj SF6 


Jl jtij 5<^1 a-JI 4_ij^£JI CjIa*_J! jjli Lo j^c.j 

. Ia^ SAi^. 4_ilxJI A ^ w\ I 


:SF6 A\ i^ULjuii \o j^a-aA 13.9.5 

jL 7 ^ IAaJLi jlaJI li» >>» : ^gjuJall (Jj*joA 3I . 1 
jL 6.2 rjlAVIi^ .2 
jU 5 : Blocking ii^-b .3 

Circuit Breaker SjjWI ,Al3 <Ji.lj ylpSlI jLi.1 ^jl-- V jUJI <jU jL (5) <jc. ^i» >b'l JL ULc. • 
Jiaj^ Cjjii. ^lol ' a USjj A ^"' a V 4jl j LSulajji Blocked ULa S)ji^Ii ^Jals ^^ 

j'jjl a-UaC-lj ..oa ^bUbji Ullc.j . 5^a ^jaVI (_^^all L»* . J - <aj 

•cp-^- 3 
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<kSaio £A.aq.a) jJuC. cUIjII Jj^aill— dlMlt l_jL3I 


t Switch yard Jl ^ A^liaJI^ < SF6_SI jUu s^Ia^H ja^ull c_ujli Ja^jall ^UaJl ^ 


S-»* x, ^aSI (_£cp_jui4 SF6 _ilj £_lalfl]l 4jisuS L_Jj_jouSI ^jl^o ^Jl 4 j^)C- ^ic. lillc. ^liilj 

. ^j-aVI (JjxjouII l_j^1!Lxa]I 


C t^i £._Ja^ 4_ifl_ ujI £_Jaj^j 4_^S (jffi'Nj (^)^l £-SaSii (^1 (Ju-o 4 JlL<^ £-^jSI IJA • 

. V jolq ^A (_)a 4 jjuj^joJI £jJaj ^jjju iAV'Kj 4 ^1 


j^Ivi ^pSI 6 26 — 13 (J^-joi Sjj) ^Sl ^ Lg£ Dead Tank (j^c^j 41* Ci^ ^-U^iiSI Ju^ \_jJajl # 
lift ^ 4 jj[^ 4 laa^l Jjt ^ ^1 Live Tank-SI IjJ 4 i*j 4 SF 6 - 500 kV 

.(Jj^aftSI 



Figure 13-26 SF6 CB 


LaSj AIS CjUa^o ^ ^jLaJI ^ 4_jjl*JI jlal^ASI l_j£jjj . : (jlc. 1 x>>jl 4_Lo • 

GIS_SI cjUa^a ^ Bay_SI qa 1^^ ojfe ^^Sl cj^I^I ^-S^I^SI <^ 2 ^ 1-^ ^ ^^jjjLull Sj^ ^SI 

.^klJ 


: 4 JL ( i Jg> >uoflj (SF 6 ) j^jUjl ^jal $£13 c££Vt ^.tj^t Q*3 

. cjljUil ^1311 ^LJI h& Jc. ^Uk22[$ compressor la^l^a Jl a^UJI ^ • 

£.|^JIj (_}a 3U ^1 4-AjJlflSI ^lal^flSI (jnSc> ^ic. 4j9l__iJal 4il^)C. ^Jl ^ tl^J V ^2ll (J x-saflll L_9^)C. 42al__jojJ • 

.la^xjJaxiSI 
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jill <joiAiA ; ^3 jll 

.(EHV) jSla ^ (cycles) 2.5 Jl 2 3 * J^3' • 

5000 — 1500) S;]^JI cjUkjj J b^Jaa jij^ju a 1 3 V aJ^jojj Arc_SI Jc- SF 6 _SI jl^nnj • 

. Arc -SI Jkj l«J jSI ( 

. 4_Loj 25 (jc- (Jaj V (> _ 5 jJaljp3l jaC- (jlxuJaJ ^ajoU 4jj^^ (Ja^j Sj49 • 

JjauaJI 4ic> (jLoV! • 



(JjxjouSI 4jc. 4 k^xsW/Ci d)J^al 


(JJJ <JSJj Vacuum OBs _SI ^ t SF6 OBs _S! Ia& ^jJal^JI cj9JI U.i^jjJ OBs _SI ^Jl J^l ^ 

Uofaults Jl ^1 4_ut_i2 JI (JjxjooSI <._AjJa ^9 (Jx ^*o\\ CjIja JAxJ 4. UjJIj 4 ju*al^JI OODtaCtS -S! ^jIaJ 

Maintenance " l^jL ^-JVI *. h>,^jj <JS Jj (_£^.VI ^JVI (JJ* 4Jj)>«JI Jl V 

. "free CBs 


? anti-pumping relay _J\ jV^ 33 i> ya U 13 . 9.6 


short JaUI JU& J 131 a <. Jj3l . jTh JaUI JaUI Jc. ( Jc- ^Sl 4 _Sl^» ^9 

(JljjVj 1 4 -jJaj 4 juU^al 4 ^^. ^a^jaiSI 13 a J 131a ^JS • I j ^ (Jj^oaSL JaliiSI 4 _Sl^JI a 3 a Vcircuit 

. J^gSI^ (Jjj^ajJI _j]JJ 4_x-a^9 JllA (j e^C\ kk) 3jAjc. ? (Jjj^ajdSl J)j ^Jc* I Sot^bja 


4jIbj J)l_£_2kj Jijjp Ja JSI (jli 6 >.o 4 Ja£» (_)£ ^9 S.lJj S^aI J_u-ajJI 4 -AaC. (jLajjJj 4_1 ^juiaSI b 3a (^^Ia 3j 

3^ jJaj j s^juiLia Jjj^a jp3i 4 xj (Ju^j'Si L—aIa qc- 4_3LJI 4j4xjSI J^aj ^ jflj anti - pumpinQ relay ^ajou 

. J_U-ajJlj (Jj^oaSI 4jjujjjuj ^1 SI J 3^S L-ftSj ^ V ^J VI 


• ^\^.\\ diV\b^.^.\x 13.9.7 

^^Sl ^ j» >^->l 66 kV Jl 4^^. 3° SF6 £^S! 0-° (Jj^ aSI ^JalS 220/66 kV cjV^a ^ — 1 
Sjj jujIa (J^.1^ s^2w^a Jj£} cj i]jli JivUI 3^ < — 6 220 kV Jl 4_^. ^^9 j^^JI ^laUI 3° 
SF6 Jl jlc- Si» x>i (jJj t Pool ^1 Pole 4 aKS l-djju 3^3 (^'^!i 4S^ j^^ ajujj) 

. sa^.I^SI 4J^SI (_)^»l^ 3 — Phases 31 -3^3 l - \ u ‘V 66 kV 31 ^Jalj9 Cjls& 

-:^ ^aJI i.u^ jj^ia ^ 4a,^VumaSI ^jjUaU Short circuit capacity 31 4 aJ -2 

-3 
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C3-2JI Aklaia £A.aq.a) cIaMII Jj^aill— dlMlI l_jL 3 I 

220 kV J! c bia ^ 40 KA • 

66 kV Jl j-ba* ^ 31.5 KA# 


11 kV J c t^^26.3 KA# 

IpJ -0 c " Juljlill dslj^ CjLjj cj-Ja ^glc. ^ja!( fiCA S^lc-I l_l^j Ail i£k-lj 


^j£Loj L-U^ A^pJI Sp> L^iL J)AxiJJ J £jjjill CjLa*^l LvLk J^li L_l^p JajujjOxJ! Jl^JI £_lal^ ^ — 4 

£_laUill I^jS i^J ^g^kl £-l^j| A-J^)C« lP-° Sic- (Jj-^la lF* 

•2V — 13 cJ^joi U^jou AiL^i^ a ^ x,a a_iLoC' ji^Luoj Rolling (J^-xj 



Figure 13-27 ^ 4o^ 


) l jJajj jjSISxJIj tiilij Cljjll jl J) Li-11 £ I ^juj Cl A L-»^ z\\l J Ja^ijJall ^A*2 aiAj -5 


SF6 rated pressure 

7 bar 

Sf6 pressure first alarm 

6.2 bar 

Sf6 pressure second alarm (Blocking) 

5 bar 

Oil rate pressure 

336 bar 

Oil low pressure 

316 bar 
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j£]l <Lul.iA ; £j| jll L_Aj£ll 


Oil locking pressure 

264 bar 

Oil locking trip 

250 bar 

Disconnectors & Earth switches 

SF6 rate pressure 

4 bar 

Sf6 low pressure first alarm 

3.2bar 

SF6 locking pressure second alarm 

3 bar 


:Circuit Breakers_\\ 13.9.8 


|4_lltl]| lijla _11 (._<1 ) xjJ ^JJ 

Rated Voltage -1 

^ System Voltage 4_^^1 4_xua (j^Luij ^_^a ^ 

: ( kV JL 4 jojUL<^ ^^a 4jjojIjaH 
3.6 - 7.2 - 12 - 17.5 - 24 - 36 - 52 - 72.5 - 100 - 123 - 145 - 

170 - 245 - 300 - 362 - 420 - 550 - 800 


Rated Normal Current, l n -2 

jI^aLojU t^l^Vn j! ^ull R.M.S Current Jl 4_xua ^^a ^ 

According to IEC60059 the standard values of rated normal currents 

are: 

630 - 800 - 1000 - 1250 - 1600 - 2000 - 2500 - 3150 - 4000 A 


Rated Short Circuit Breaking Current (S ic ) -3 

lJjIj 4 _L^as 4)^1 short circuit ^Lnl 4 _xua ^lc .1 ^_^a ^ 

•( I Breaking 1 ^s Xu ^) dpA-all jLnll (JllLai S^joic. 

Rated Short Circuit Making Current (l m ) -4 

4_ilc. J^lij (4 (j! Short circuit 4 _aj3 ^Ac-I ^A j i (Imaking) 

^9 4^ua1L 4JjIa-g AiLajii s^lc- . jijjja 4 J <-** v ^j (jl Short Circuit -^ 3^3 

^making = 2.55 I Breaking ^ <3^' -iuJI 


329 














<kLala £A.aq.a) jJk. cUIjII dlMlI l_jL 3I 


Rated short circuit current, l C u -5 

j)\ 5.1^. I 3 4_ijtj SAaI As uli-a ^ A 3 S^_^J ^j3 31 3 ^aj 3 k 4_/u3 ^ x 3 ^ 

.jJafill ^ CjUaIj (^1 Cjj^ 33 AJ c^!i^ 3 


2^1212 ^LL£i 2 t jU 2 t, Ics -6 

jUlk) L-L^J 3 JjjliL Cjvlj 1 x^jjj (Jx.oflj aJIjj-o Cj|^A Cjvlj jJaliH 4 -La^JJ jl_£i]| 3^3 

. IaAxj ( xJal2ll 


^jjjjLoJI lJJ l^J_u-alij ji^jj Re striking Voltage <JiLa <- > 333 J *L&Ia aIIja^ 

.1^21 cjIaaII (jVI (jjuo^ja c CjKumUj S^jIxJI J(jc- M)hll Ak (28 


JUJI jAaJI ^Jal^a {Q«y ^5-JI 13.10 

4_i^.vLx^a (_£Axi 3 ^ 4 4jI 2 £-lal2ll J^jUaJ (_£Aa 3 * 4£12I 3 A CjIjI n^Vl fiAk 3 -a ^pajxJI 

I l^_Lo CjL^aj^flll 3* AsV \\a A^jJ 3 .4-aAkll ^1 4_SL^V ^Jalfill 


^A i A.xVjl\\ dA^^Aall 13.10.1 

4i^c> (_)^^ Ajl^JI (J_u-;ajj]l (J ^.1 3 ^ ( x- 2 al 2 ll 4Ajjlxll OontSCtS CjLuba>L 2 l 4_2 >Luo 3 I nA.i —\ 

. Sjjjjall ^l 2 la| 

.^Jal 2 ll C 5 £ 2 l£.i 21 ^lxlI 3 4x^)juj 3 ^ 4^121 — 2 

. Charging Limit Switch C >JJ! ^a^ aJ^ -3 

. jJaUl) (JLk2 Aij^ — 4 

jijjj V Ajkjll ^aAkjjaijj 4 Sjjj^aJ ( X-l=a\-al^ J3^3-0]I (jLkjoJ) (J-ftC- — 5 

.(SJjl2l ^aLVi C-U^ll 4^33] 

. 3 -kjjlj]| 3 ^ 4 £ 12 l - 6 
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j$\\ AjulAiA ; £j| j]| 


Operation Tests 4AAAU1 CitJ-AaVl 

^Ac. JaiuAallj ^JaUAI (J-oC- ^aJJ l~U *v 4 ^Jalall (JjxjouII ‘La>Lui .i£tA! ^aJJ Ia& 

c >uA ^aJJ l~ n^y Ajjujjjoj (_|aC- 1j jAl A^IjI! ^aJJ ^aJ (Jj^aiAl ^ IjiLa ^Ac. JaiuJall ^aJJ ^aJ ^IjiLa 

. till A] A x> Aj (J>Lk LjAj 


Mechanical Interlock JLaSSn oaai 

^uajjlj 4-ljl^ol p^lC- z i 4_IL^. ^_3 y&J ^ L)^i? (Jl^.^| ^a. s iC. ya ^aJJ 

^a^ll c > n^M ^Aalillj 4j^l£ixJI a \aa v^ti Interlock (JUaVl (j-a 6^A Jl t 4_*A^JI 

. Ua^JI 


Electrical Interlock JliaSft paai 

A^JI A ^ -v ^AaliAl (jjfL ^ (J^AlxAl A^JI A ^ -v £_LaUAI ^Ic. 4-Al^.al ^aAC- A^tAI i£j^ 

(. Local and Remote.^LlIl] Jj » OFF/ON ^aJ) Jj » A r ^ l jbik) ^ lAaj .Ljaj^ 


^LVAV-i ^A\ Ca\ j\-iiA\ 13.10.2 


^AaUAI L-jUaSl (jJJ 5J(J3*AI A_^ULa SAjoi A_3jjo<A ^Aal^AI ^Ac. (JjjtAl 5^3 ^a^>i cA^A c 

cA^^ ^jjjj 4 jlA^a11 aA^I^AI sA^^ (j^ (Ja*A^ A_^jULq CjaIj LA^ i CJ jJajVI ( j±^j IgAllj 6 

^AaUAI (J^ (JjjIaj (J^jlII S^Sj . Ia^* Aj^* ^AaliAl (jjflJ 4 jlAja1] 4A-oL^ ^iiAl iS^ 

. OFF jjJajli ^ jl ON 

j^aA\ ^a kiojLj c jJalill J^L Moving and fixed parts J! (jjj djA^ja (JjxjAj ^jj 
.^JalAll L_sUaaVl (j^ ^ ; l^jJaau^ L_jUaaVl (j^ 


$AWx>ll 4_xua]| ^1 ) ^ajl l^jx> 500 (j>» U’ c ♦ ^Aalflll L-jUaSI ^jJJ (Jj^Al 5^5 • 

( S>«3S1» </ 

. c 3 liAI 5 -IjjI (Jal ^\ ^ajl 10 >^ 5 *^ >lAxi R-R a^|^]I Phase Jl c_jUaal cJ 3*A1 s^a • 

^ajl l^jx> 500 (j>» u' c ♦ 4 jAA^cAI ^Jalill L_jUaal ^jJJ (J3*A1 S^a • 


(J^ ^ L*" ^ji l' \yj 1^5 OFF - position ^^a ^JalAll ^.Aaj (j^Aj m^jLuAI cjIjUilVI 

.^ajl I^j-o 500 Loj 5 AijLaJ! CjljljAkVI 













Figure 13-28 2 >2 SjS dj|jUkl 


Vl\\ 13.10.3 

(_]£ 4aj\2a (JjjIjS ^aJJj ^AaUAL 4_x^al_iJl OOlltdCtS 21 4aj\2a (Jjj1_2] ^)JJa ^ajl — jjfi 1 a J)l_£^. Vhmj 
60 — 12 |lfi ; —9 2 11 Ag'v ^2al22 (Jja> 121 3al2j 4 aj!2a 4aj3 ^ 4 SA^. ^Ac. phclSG 

. (25-100) pil Jj^ CJ ]>^ 33kV 2! ^ U 

131 12 6 ( x2al2ll C-Ujol^Jj A^_^A1 Ja^jA 4a_i3 (J^ L22 a2_2b 4j2a- 21 L-jUa^Vl 4ajULg 4-oi3 d±jl£ 1 a1£^j 

j $ >a £.Ijj 1 L-jUafiVl Sjlj^ 4_2 >jA ^12jj 1 ^1 (^Ajp l^Ali ( c£^ ) A-2lc. L_sUaaVl (Jjj-QvIj 4ajULo C_ljl£ 

. L_iUaaVl jL^2jl Jl 4 jI^_21 ^ ^aJj Iajjj L_jUaaVl (J£1 j Jl ^aJjj l^ja jLnll 


^AaUAl L-lUaSl ^3 ^jaJjuoa ^)1jj ^)1ja 1 ^JjAa Cj £* Aa j 12-21 ^jjjIajj 6 ^JXojl - ^)^ jL21 J)^ 7^ (JAaJ 29 - 13 (_)^ju21 
kk ) S "n cJ^b Ljajl J^.ja jjja2 ji 4 li x til^j L-jUafiVl Ag'sll ^)1 a2o (JjAjSj ^jjjaI 100 6j1a2o 

. J)l^Jl 4 -joiLoi ^Ac. L-jUaSVi <-2 juj1aj 4aj4aj3 ^2ojj 4aj 12-21 C-jl ^aJJ ^)li2l ^Ac. A^Jl 
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100AD.C 


+ - 



** ?j> s&y 

Ua'i 


Figure 13-29 


jViIjL\ 13.10.4 

\jJaji_5 C ^4)*-^ ^ 12& (j-o . (Jjj^ajj]l L_ftL>j (Jj^aflll l_ALa ^^ic. jliiaVl 12& ^aJJ 

^jC- C_AjjUa2l (jiaAajj^ C & VW l~ naj (Jjj^aj^ll C—ftLoj (Jj^aflll (—.ftLa bSn£- (Jaju (j! (J^aJ (J^l 4ijAA 

. (_)laC' (_£l i~ )j K Juc. ^la U2I (_ Jx-afl] ( 2 a (JaC> 1 *1<cu^> 43 (jj£j 4 m xy 4_Jjaiij (Jj* xTl\l ^a 

Ixa (Jaju Cjljlflll 4 'sj'N 4jjjj2aj 1 j^YA£2a (Jaju ^jjIaaII jl ^ja 4£tl2 Ljajl jljJaVl I2& c_a4^Jj 

. 42aa2l (JjoAJ 

jljQa»VI ^aJJj 

4i]^ia) ^^ic. (jji IaJUC. ^JjUa2 Ja^aA^ (Jaj jl_£ial ^aJJ l S4j4a2l ^JjUa2 4aul21j # 

_SI ^^ 60% Aic. 1 (Jaj 6 (IpaaII D.C 21 ^ja ^ja %80 —1 LjjLoia 

D.C 

D.C 21 ^a ^ja 100 °/o 4jc> 2aA9 ^jj12a2 (JAJ ^^jj !4aj4aI) ^jjIaa2 4, Ujj21j • 

.4j^ 21I 4aj>U (JA^i (J^Luij ^2 


: cg^jt jLu^I 

j jlp (jAa ^±2 (j^aaAll jlg>J ^2a U2I (Jjj^a JJ ^aJJ ^aJ ^21^21 ^Ic- £2aU2l cJli^Ial (Jj^a JJ ^aJJ l~n*v • 

4 Th© Trip (Jj^aftll C_]j4a 64ic. ^aJJ ^211 Cj 3^1I ^ ^2alAll 4_ilc. 2aj) n^->x3l jl±2l l_g* 

^ ^pJI S;I^JI 4 ^j: 2 Temperature Factor 5j|^a2l 4_^ajJ (JaI*a *^-^3 

.4JjUa]| (JaC. ^aJJj 6j2alAl) ^jala cs^ ^ '> ^aaII S^|^a2) 4_2fcjJj t^Loa.VI \ _^JUC. 


: jLua.1 

^j^aAl) jLj L-Laia. ( x2alAllj ^)Lsj (jAa. ^aJJ c212 JbUj £2aU2! ^ja 2 PoleS ^ic. ^)j^a3 (JaC> ^aJJ • 

4_plj 0.01 ^)4 a3 jd\j x^aAll Cj j4a. Ale. (Jj^aAll 4 x*jjuo filial ^aJJj i(JI ja]| ^2c- 5lfi ^2aI a2 

. IjjjAj 
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(Jlxll AkLalo £A.aq.a) cIaMII dlMlI l_jL 3I 


^Lil 13.10.5 


(j^3 LS^ bbaAj ^^ x (JiaxJl £.\jjjj ]| Cj^J (J_U-aijdlij ( xJalfi]l ^jli ^Axj 

jlilk! ^jj ciiS ji]J 4 ( XJJjoJI (JjXjuol) AJL^. L-aUJ^ 4jj)^\ jolil 4jJa^)X-a (JjjLuII JaULlS JblljJ 6 4jl*_l] 

! fijlA I 4^Jaj| . wlj J, LoiSj . ^jjx>a (_)Lau] IflSj ( xJai^ll 

O - 0.3s - CO - 3min - CO 


Open ( x-LIa!I ^^ixj O _!l <*_ 
Close j-LIaI) C 3) ^_a^» 

S^jJjlxo ^j 2 4j\x>C. ^jju^ CO Lol 

4jjujjjuj S^lc-I 30 30 

(_]jxjau]| s^lc-l 30 0*3 sec _ll LJ 


J ^ic. (J-aC. ^JJ 0*3 sec lijSS ^ ^JaUll ^J3 (JjaiLaull j^AJ 3> JblLl J 

. (_g^J AjubLa 3 ^ ^jbilo 
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GIS_It ulkb« ^ ^Ult J4*J\ aikla 


(Jxo ^jUJI CjUa^-31 ^3 SJ^2 w^3I CjI.1x 3I 4il^ ^Ac. C_lUa^»3l ^-j3I I3& 

(VT) ^Jt Jj^j (CT) jUll Jj^oj (Isolators) (Bus-Bars) jU^tj (Circuit Breakers) 
(Metal 4j*Q» a 4_JC-jl (SF6) Al S^LoJ Sj yuu& GIS 31 CjUa^a (jj£j &3 a (jl (3^15 6 

.LqLqj ^A^t oji^ycn V 43kl3l c3.ix3l ^jl . HousinQ) 


j (Jjdflj JU)£ ^ ^9 Jsl^V . GIS 31 CjUa^a ^^9 ^JlxSI 4JL lai3 Sj(JA-oJ 30 13 (_]^joA|j 

aac> SF6 31 j)lc« cjL<ujj 3 5j13jV 1 (3^ . A_ijj^JI cjUo^3] SLD 31 ^_9 <■**iA ^31 

^y"*3-^j SF6 - CB l"i vw\i 



Figure 13-30 GIS 
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( JlsJl ^-aJI 4ijaia dj\ -ag.,a) jjjc. tUUI . ■—Q^' — lLiUjII i_jL1I 



<_Wi t High Voltage Bus Bar 


GIS ...Jl aUa** tiiUAll 13.11 

:<> (H.V switch gear) olka-JI e3i> J JUSI ^A) a !kw 

I BayS Jl (j-a CjIc^a^g 4_ilc. 


t> Jja.^11 oLii-aj o=>liJI Switchgear Jl J& <_UUjj Incoming Bays -1 

.LaUI s&tft 

cjV^ Jl ^sjall cjljiii-aj o=AiJI Switchgear Jl Jc. Outgoing Bays -2 

.LabJI a<'.T,tl ^J| 4 laa Jl 


. CjljjUl &4A JJoj 31 13 ■" llj 


Bus l 



Bus 1 



Figure 13-31 GIS outline 

Left Part: Incoming Bay 
Right Part: Outgoing/Transformer Bay 
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Bay __\\ CiVj^i3.n.i 



Incoming /outgoing feeders cP^' Switchgear Jl cjI^« Bay -Si <J*.b 

ES VT i CT jtp j 4 CB ^iata cP^ cJ 4 "' ‘ *~} j 4 BB _!bi (J>.-iTi (jl (Jjs 

13 cJ^joi 6 CjLLu^o!) C5^ LqLqj DS 

Ujajl ^jl ^ 4 ^aa> 4 _i1c. Bsy (Jiixu 32 

^glc- J ^glc« 35 — 13 




Figure 13-32 GIS Bay 


. fijiA (J^Iaj Lo (Jj >.s \£i Jicj 33 — 13 
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( JIslSI ^.ait iijaia dj\-ag.,a) jjjc. Clillj]! _). ■—— lLiUjII i_jL1I 




□ 

a 

n 

r~i 


SF 6 gas 
Insulators 
Live parts 
CT/PT 

Earthed parts 


9: Earthing switch 
10: Voltage transformer 
11: Cable sealing end 


420 kV GIS Sectional view of a bay with double busbar system 


1: Busbar 5: Circuit breaker 

2: Busbar disconnector 6: Current transformer 

3: Maintenance earthing switch 7: Maintenance earthing switch 

4: Current transformer 8: Disconnector 


Figure 13-33 Inside the Bay 


shielding <■ .vd l ^ lUc- CT and VT -!! ^ 

ft* J* jjJj Induced currents Ui* 


. c —9 d 66 ^ HV Switchgear dl Plen 34 — 13 

1 2 BayS Ujd ^ a \\ dajjln'V 3 djd (jl Jala^dl 

. < ^ g JaljWl S.ld^ l^-La * n Idle.j 4jjJaji Cj>LjI^ (JvLk 4_la^-dl 4_^ 0JAj 
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66KV GIS - GROUND FLOOR 


js \\ ; £j|jll 
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Figure 13-34 GIS Plan 
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AkLalo £A.aq.a) cIaMII dlMlI L_sL3l 



GIS iS*±A ^yLiA\ 13.11.2 


A laa. .all ^Jj CjC-li-all 


Outdoor Termination LS ^au 5.i^j J>Lk ^ ( 35-13 J^) <> M • 

Module 



Outdoor bushing 
Adapter housing 



Figure 13-35 Outdoor Termination Module 


Cable Termination J%l ry> (37-13 <J£i) ^Jaj cS%\£ J!>U. ^ J\ • 

Module 



Figure 13-37 Cable Termination Module 
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j£ll ; £j| jll C-jUSlI 
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Transformer Termination Module <> lU a U 

38-13 




Figure 13-38 Transformer Termination Module 


GIS_\\ liA\o\a ^ \\ 13.11.3 

Qh 4_lajaj|^J SF6 31 _jlc- ^lll j CjlsuLa ^ l**n \\\ ^aJJ 

CjLJoaI] .Ir^ll (J^lx3l jlfl (jjajJ-a ( ^jA3Lxi GIS 31 CJvLx^aj-o (jV • GIS 31 

>la (jc- lL u *°j^ 31 i3\i ^Ua3l GIS 31 (JU^ajI {_y± j^j^A-all 

•SF6-to-Air Bushing 3) a1 U> ^3^ ^[^3! L lljli )31j 6 4 _i3^3! CjIJ lx^3l 0 uaj«Tl (jl 

4jLo^. SF6-to-Air Bushing 31 ^i3]j s.]^3Lj 43j^*-< 3I i ^\\ cjl*jLa ^jU \x\c- 

.SF6 -lU 43 j)^xa1I CjIsuLq (Jsl GIS 31 4_a31^ 
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AkLalo £A.aq.a) jjIc- cIaMII dlMlI l_jL3I 



:aWAAi ^jmA\ 

U?jat I 


Jl^Jl ^ij 4 ^juAjuoVI (jia^aJla 4 a\\ ^^a ^juAjujVI ^A CjV^-aII jml 

— 13 (J^joiII ^ L<^ ^laJI a^^JI as)^\a ^.Ua (jc> (Ja^oaxo $.Ua Ull t> CjV^-aII ^ . CjV^-aII gaa 4 In>, nj^j 

JUJ! 4*?lVix> ^a ( ^aj 4j^aL^JI cjLa^ll ^]n* ^ ^14a1) Iaa ^a 5j_u^ CjLo^q c^IIja (j^ j 39 

. 4ajLuJI 



Figure 13-39 Transformers 


l _ u (JliAJ (_£A]| Ia& ^ cJj l (j>a Ajj-a! ^4 aj^£JI (_£^l CS)[y-\ ^ ^a ^-2 ^aSI ^^2^)11 l) l 

. ^ 4 A\ 
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: aV^VA i clA\l\\ ^uaW 



MV Switchgear 


^ic. ^jj Cm JsjujijIaII lj>Lk 4gli‘u 4 Vn CjV^^II (j-a JojojjIaII Cj>IjI^ Cxj 

aCA (j-a 4_iLk (J^ J-CICjj ^ . 40 — 13 L&JI la£ L>Lk (J^lc CBS ^-lal^li (J>L^ (j-a lajujj!la]| ^11 BB 

^ U^l\ S^_^J ^ 4 \f \xn ^ ,'^'V j jljj (J*a ( ^lc. JjISII j ^1 4iLCaVlj U>LiJI 

C^C- ^Ljj L>LiJI aCA C^C- ^ 4 (40-13 (_]^Cioj C^-^ll \j>L^. ^j-a 4x^-a^a (j^^a jn»11 

LvL^J (Jj^aJJ J CjV^a!) Jl 4iLjaVLj (^5_^iJI L>L^ 4_Lx^oll qa 4_2fcjliJ) Jajujj^JI C^ll Cj>LjI£ 

CjIjul-q (JjAjaI) LvLk ^^Aj 6 LvL^J) (jA ^p.1 ccc. ^ J! Ic^J j 

4iUCaVL 4_1£ IcAj 4 S^CaII (J-al*-a ^jjjai^j Cjlaj^a (Jjj^a jj] IjvL^, lillCA j t l^C-ijjlj SjCaIIj ^)l_n]|j ^jjjIj2 

U>L ±i\j i^jiit *i>t tM> 


CjIjA*^ 1I Jj,hxi CCc. l^jlc. 4_Lkl.ll 4iUa]| £JjjJ Sctc-1 ^A (Jj^dl dlUa^a c_alcAl .1^.1 ^jli La^ j 

CAj ^)j£l 4 j 31^*_^, 4_^Lui-a 4 jJl*j ^^lajd 6 SjCillj C^JI 4 i^sWa CjLAslaI! ^>a CCc- J! SjCaIIj C^^Jl 4_llc. 

.4 xlb (j^alkll LV BB 11 L>LkJl 



Figure 13-40 ^ 


,^^11 Cjlc*j^aJ (j^aball fr^all ^ (19 (J x^flllj ^4^1 S-^l^l IaJL^J L>Lall 6^A ^jC* ^p^l (Jj 

.lajujjiLall 
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4.fllaia OA.aq.a) dlMlI (Jj^aill— dlMlt l_jL3I 



<ujUJI§ <by|£All QUaall 13.12 


i-*\S3S ^ Phas6S -SI op ^1\ cjUn^xJI UjLuj U^3 L<^ cjUa^&SI 

CjIAslaSI ^£^1 CjI^LoijVI (jtfS'sall ^a.lVlH)Tj c 0 PhaSG —SI op SjJojI 

.^g-a>JjJaj3 ^jujj 4_ij]^-SI 4 ^jj^aUc. 41 - 13 .4 So^xdS 4_2kjL^Jj^ 4_L^.I*lSI 



A:Primary power lines' side B:Secondary power lines' side 
1.Primary power lines 2.Ground wire 3.0verhead lines 4.Transformer for measurement of electric 
voltage 5.Disconnect switch 6.Circuit breaker 7.Current transformer 8.Lightning arrester 9.Main 
transformer lO.Control building 11.Security fence 12.Secondary power lines 

Figure 13-41 AIS 


.slJax a ^ ^9 aAC jj^j ^IlSI CjUa^aSI ^A j lOlltdOOT 4_i2kjL^» CjUo^ ~1 

4jj|^JI CjU^^x>SI ^iSI 14 a ^Vunj ^ ^l~i* x> llfldOOT 4_il^l^ CjUa^a — 2 

.U^LLo s^jjaixi ^jjlSI (j£LaVl j dj^ljS! 

4jj|^a ^jju ^JlnSL j 

cJj cil^S' Wj| 

d^j d^ c^P u' o^p 

OP (Jjj«-Sl (j! LaSUa 4 jj|^A ^-xujjj 

Sjjj^aSI £.[^1 ^a 

.42-13 


4_jjlc« (j4_Lx^oSI (jl 

43 - 13 Sjjj^aSi ^ LS -n* oj^p cil^Si ^ S^_£S 



Figure 13-42 indoor AIS 
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Figure 13-43 Outdoor GIS 


4iiUaSI (Jaj ^Slc. ^9 ^ >jjSI 4jjoUJ^)]| CjL.wMI ^)jSI ^ja (jl ^1 *_a 9 t GIS -SI CjUa^-o Lai 
(Jjljojj (j! c > 3Wn Ia&j .4_jjLAa^JI (J^SalAaSI C_ul^ ^1 (JaiSI CjI^jjoi A^^JI (j-o 4_iSlc« CjIjjJjoi^ 

-4jmjL>t *A ^AauAall M Ljajl <AS3 L_liSaJJj 4 Sjj* x^i Cjl_a*Laixi C_)l A*_x3l 

.*La>LaiSlj Sc.U£llj 4 jA xfic. V1^ (Jli-AiVI 4_a.Laixu Lillie. I4 J (JAa V (GIS) jl*-SL 4 _Sj|^*-a 1I CjUa^-x3|j 

4j,^j\fl"Sl cjUa^-AI 4_^Lmxi ^La^J %80 (j-<» ^pSI ajjouj j» x^il GISAI 4 ^jxu«Vi°i 

^Aj AjLb^Aij (JAuAjSI C-Lia. ^ja d *\\ l" \1 4 AajVI ^j-a ^LlaiSI Ia& ^jjxj . 4iLu-Al 4_a.l_a. (J9I I4J3I 

. juSjjSI CjI ^ ^jjSI <a1SL£j 4_JU1I CjIxjoJI CjI 3 CjUa^AU 2^^a 


^9 LijIjjujI ^9 ABB I^jI&I ^aSI 4 )i%Al ^9 La^ ^ajVi IajLoAI GIS -SI CjLla^a ^jl (_)j 

I^LuAjI (jl_i 4_3 jAA3lSI S^SaSI cASj AlSj ^ja (J-a^Vlj 6 4 Al C_33^ 4 ^qIc- 4jjjAa. £.Laij| 4_jl (JxaaJI^ . ^JIaSI J<~3I 
4jc 3 n«AI CjVvLoiSI fiAA ^ja (_yajal\ (jl ^j^j^aSi^ 4flv^SI (Jj-aaAS I4 AI ^Ajj ^Allj 4_la^aSI ^^9 4jjLa CjVvLoi 
^]j-aSI Cjjj^a ^Ac. ^ )o»j CLjL/>L u3l &A& ^9 £.LaSl Cjjj^a <jl c 4Li^xtSb Aj^jASI CjIjAc. ^9 4-aALuo-aSI 

.! l4gj,wSl (JajujI Sj^sv^aSI 
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<ajalo £A.aq.a) dlMlI (Jj^aill— dlMlt l_jL3I 




Use of ABB gas-insulated switchgear allowed the 132-kV transformer substation Barbaha in the center Q 

of Orense, Spain, to be constructed underground and a park built over it which harmonizes with the surroundings. 

The sound of the waterfall, which acts as a heat-exchanger, hides the noise made by the fans. 


_JI A oK-^ 013 CjIJ aa .a ^ (J 2 I A (JIaC'I O 

. jst switchgear 

.J 4 J ^> 4 ]I IA& ^ CjUjoJJJ O 

. (Jsl A JaaxAl Cji9O 

QjfL (JUaC-Vl <«—flLujj£li Cji^SLAii Q 


• 2ua\ L-J^JlC'13.12.2 

A L&aJJ ^^ ^x<a3) (j) i _ Cy^ .(GIS) Jl CjUaa»AJ 4jjliLo AjuujIj CjlaLoua ^Ac. L5 iij o 

(Jjc* (jli ^ ^ ^ JaiuJall 30 kV/cm 

S^ij^ CjL^Laui Cjlka^l ^jli ^ n^j 

. 4j4_ajS 

(j-a <- > J JailaiaH (jlAx-o ^ u^il 4 ^ p-Uj 4jjjLoJ) 4 Uo^W 4_ajJUj O 

4ii£j l^aAjaaJ <jl La£ i 42 j1!a]! 4flK"N ^ Ajjj Iaa Juinl! ^ CjSjJ! 

. 4jU2j^q Ljajl (Jjjuoull 
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j£ll AjulAiA ; £j| jll 


jj£I AjJ ajjus l^jl c > \ n>n GIS CjUa^a xnc. V \ ^^9 (Jiil jml AIS _ll CjUo^q 


j 4 _a ^ £.|^J 1 bb^ ^-r^P 4 (Jjl*£ IS^J U’ L . V k ^'3 6 

(_£A1I ^yA (J^l ^ ^ Juc. (Jjxll jL^jl ^9 L—IJj> n~~ AJjoUJJ £.|^JI CjIj 13LJ ^La-all 

. CjLLal^JI 4 _ilc. Cuj 


: G IS __\\ o\Asi-a Ci\ji* 13 . 12.3 


^aJ ( 3-^3 ^ k «a j 9 ^ 4-aj ' * ^ ^ o\r.l ~1 < 4j^^a]I c-I^^V ^ (Jjc- ^aJJj 4_1 aI Cjlia^o!) O 

• LS^' 4>?»Vl J> <_^ ^ 

aA^j 4j*Q* a\\ 4ji1c.V 1 (jV (J>A£11 j ( ^j^£ 1I (Jl^^ll ^l*JI Ia^j 4-1CjIP^^IIj o 

Cj\jj£pll (JIac-L 4_JbiLa. SAjli aAAj c ^^j^^ll (Jl^-oll jj£ P 2_Lqj CjlLxa^l 

. CjUn^all Alt (j>a 4_Jj)L<a ^lc- (jjjuOJiJ ^j-oj 6 4Al Urol) ^ (JjxjouII ^SL laj-oj I PiStcll ISPS 

.4_LJii Jjujull 4jj1£j O 

4_jl_u-^a I_^ Wv< AIS l a\\\ Cjijjjuo £jjl (_]£ 4_jUj^a (.-iLIaJJ 4 (Js) 4_jl_ix^all CA9 jj CjVA x-a O 

-11 4iLu-^9 6 ^)j£l (jj£j AIS _ll CjUa^Q ^9 1 £ AjLu-^all SJLq ^j\ Lo£ 4 ^jjjAjuo jl 4_1uo (_)£ 

. (2a£9 ^Jalall) Sja (_)£ ^^9 Cjlc-Loi 8 — 4 ^-11^* A^lj aA^j AIS bT63k6T 
4jl1xa11 ^1 4_^jAaa11 (Jj£LaVI ^9 CjUo^oII ^Ajlj (jl ^j£aa!1 (j-ft9 ^^alU SA\Sa ^JJC- 4 ^ ^11 O 

^1 Jui^Jl ^iaLLo ^9 ^1 Cjlatijj-all (Jj9 ^1 CjUcu^aII ^ ^ ^1 L_ul^J dl^J ^1 

l^laj ^9 j-a 11 ^1 4_ikl_lxill c_9j^)]allj ^jjIjj V CjUo^xiII £^11 ^1.^"hm 1 ^jl ^1 .S^laA^ll 

. L_9J_^la^l Jjtb Vj c 3liJI 4 x\£*n x> 

. (4^1^! CjH awaii (j>i % 30 4-iuiij (J 9 I 1j9j (j^UjajJ^ L_u£jj11 4_1^_juo O 
AIS _ll 4 4_^.Lmxi (jj£j ^—45^ 400 '^> >11a9 4 4 4^1^. ^ ^)j9 jjII O 

i^UJt UJ^ (GIS) J! cAL^* ^Lh 2 ? 46765= f 199^236 = Uj>6 

.JaA9 2 ^ 522 = <43*12 (JjLjZ Ujjaj 
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Afr^Jl AkLaJA CjIa^-a) jjaC. dlMlI dlMlI l_jL3I 


44- 1 3 J%L ^ja A a\\ Aj A_^.Luja1I i~ n*v ^ja (jjc^jll <jjj O 



Figure 13-44 AIS vs GIS 


: (G IS) _A\ Ci\W» 13.12.4 


CjI laa. aSIj AijlLa AjIIxJI A oK"\l • 
(3^^ ls^ (jjSj <CjjA^. CjVI^ • 

. ]jjj£ tjSj 3 ja 1 ujj A-aaL^aJ j AaLajSI j (JLiJI AjCaJj • 


jliJI JaxCa ^A ^alfl^sil A S-»«v aSI Cjlj^SLa ^ja'n ^A IjlijjA (j> L ♦ lax >>> # 

]jaAa ^ (Jla. C!j jA^, 

(JjAjA^VI S^Ua ^aLou ^ ujla/^ jsb ^n^j SF6 • 


clAW^k\ cAa^Vj^aM i^jla j\.L* 13.12.5 


. Uj^A L£ (JjC- ^AaAjoiJ AjJuIaIII CjUaa-Ali l^jljjlaj <jA GIS Jl CjUaa»A ^^A CjIA3La1I AaISj 

(JjxJI CjIP>>. a jli CHa £a j . ^AAxa ^jUaj A^aj (_)*J (Ja|^C> SAC- ^11 (—.fljllSjll ^A SaLj^II 6AA ^^jj _9 

A_lajj A o\<~ ^jAaliiaAl ^A (JjaJJ A_aI& 2T)Ja J)l*JI CjUaaA t-4\~ Ia5^ . l_jj^jj]| Cu^ A oKMl (_)aI ^A J)l*Jlj 
^ y A aK AjAj\5M1 CjI a\\ ^A AAV A aSI A^a> AlAjI Ia 1£" IgjJA&l aIajj S^jaII cAA j .^AjaII (JjaIj ji 

.A^IaaII fiAA JjAhl J&\ i_*j11£j JWL J " jjS! A^Laa" ^Aau 

ja AjI i~Q\ La (jSlj c AjAj15j]| ^ja AaI^ (JaI 3jSj GIS -Si CjUi'sa ^ja IxA jja AaSIslSI Aj)^>Si Ajc- 

C13a ^ >4j)o\l Ix^a^jL^q.'v ^r4 u ^41 j ^AfljSi ^Afljli ^Jjla ^jc- Sj_u^ Sjj^aJ CjLIx^a AjLISj 


348 






























pll ; £jl jll C_jU£]| 


dljl^j i Spall &AA (JvL^ ^)JJ^ (_pala ^\\ (_^l GIS -II slj^A jIsljujI ^JaJ ^1 1 xnjj c 4jjJalxill 4_Lai (jjj'yljll (J>L^ 

. %40 Jl % 10 Jl<^ AIS Jl 4il£j jd GIS Jl oUa^ 4il£j 

4^jn GIS -II J Ix^aaUj Ujli c JL^JI l-Hsj J 'ju*n jpulL Iaj Aa ^jJaJI <jl jjc. 

A la^^La Spia ^Jl (_£^l (Jaill CjUa^a ^3 l^al.l^Jjaj| Juljj j ^^a3pl ^Jaj ^jl Lo^ . CjUa^all ppJ 

UaojJj (jiaa^Ju jijLSI j l_u£jj1I 4^1£j <j| Jc- Sj>lc. - 1^'oK ( j - Q Cu>»a^ jLnllj A^JI CjV^s^ J 

.GIS -SI oUa^ J 

£_lalp ^JLkjjuoJ < piSI ^ £II Jill (Jp- CjUais^a" p "^Jal IS^oll ^jjoJJjjoJI Cjlpaj" ^qjuoJ JU.1^. 4-2wp tilljA LJU^j 

CJvL-sa j-a Jppa (jC. A J CjIAslaII Jaljj a! j-x-a^-a SF6 -II Ag.^ ^ j^Sl CS^j^a ^ ^JjliLa j 

^)jSI CjL^Lai^ ^Ia^JjoAj 4_i^jJajll GIS -II ^)Ix-juj! Spla CjjA^j ^_nj i“n. w \\ jpaall Ia& . p-I^JL Al jJ poa 

.A L>*\ a\\ 
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( JIslSI ^-aJt iijaia dj\-ag.,a) jjic. lLiUjII J. .-.a'l— lLiUjII i_jL1I 
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j ^)j|^ (j^ ^tlall £jjj4 4 _AaC- (J^ n.n 4j| CjUo^^II ^^9 BB Jl ) 

4_ij^£j| 4iUall BB _JI 4flj4^3 . (J-al^llj 4 a \\ ^g-9 c > n^nj 49 4-ilc. (JJaC. ^1 <jV 4 

4-2kjL^JI JajJaaJlj CjV^-aIIj ^jj^)^JI ^)jjj4 LS^ ^ (J^.^11 ^)jjj4 (j-° 4_^4lfl]| 


(a U^v A\ 


4*«£mJI gL*wJI g**Ail4.1 

;LaA ^j\ n>>q\l u^Vi ^La^^lLoui (jLiJuiLuil ^jU^LojI jj 

. Rigid bus <jL*l\ u4^' -1 
.Strain bus ^^ u4^' -2 

A-C*J) Us~i a 4 4JU. ^9 HQid 4 Ax^all -^jl n>*o\l v^n.i" L_i]Udl ^9 j 

-1 14 ^9 Lafi A oh-v *\\ 4 lr\ a\\ (JAJ JaJjJ L_Ujlj| ^\ 4jj& ^ill ^1 



Figure 14-1 Rigid Bus Bar 























jUjJaS CIAjjjjj) jjudC. L_jU1I 


4 _ac.aa]|j a! j.wxll ^j± La^lVl 4 xj)strain (jl n>igll ^ 1*11 a^JI 4 JU ^k Loi 

4 cjU^S* Strain typ© insulators ls^ ^ (j - 0 c AOSR 

. 2—14 ^k 



Figure 14-2 Strain Bus bar 

hollow ujjjUVi aJU. ^ 4 ^U.j 4_^2 L*-a]I 3 IVI i.44 nnj w~*nnj ^[c. 4_2w^Jj 

^9 (Jsl 4 j1j j)jcs^ tub© bus bars 

jSLl ^jf '*I ^JaiLa (jlj l xiajl J)jx>"ij 4_}li ^jjjI ^ 41 t (Ja) 4il_ix-al i4bS 

.^)\joll 4_xu9 (jjoLaall (Jj^a^a ^Jafl-a %33 

.3-14 ^ US Jib SF6 J jUu 4 Jjjjoo BB Jl liUa.l_5 
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Figure 14-3 

SF6 gas insulating bus-duct (GIB) 

: (Rigid Bus)_14.1.1 

;dj| jaaII ^aI 

. -Ij.W \\ UhVud (Jal — 3 

. <. gJ?Vn ^ — 4 

4 \k*~i a i Ic-lajjl — 5 

.CjlAaLxdl ^ S^_^M 4»jJj l~ n*v (JjJaSI — 6 

*C5*^ ^aI La I 

. 1 ^ °J U> nJ (JjjjJtJI fijlA 4iLu-a ^Jj 4_^A^JI CjLqI£'^]|j JjAxJI d 'W’nd • 

Strain bus JL aiJju j£\ <*.ijlkn • 

.(strain bus) _i tejh* 4ii£j • 

1-14 ^3 Lo£ (J i» xViMl ^ ^ L-Lud^ /jl u>>q\ 1 /jjj ClAiLuixdl 4 _aj3 c _^3 jjj j 
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(CjUujj) iV- (J ■ —><a\1 — dJUl! 1 


jLJI 


lob/e 14-1 


•>fa> 

jlk4 Jaj a jl J jliil jjJ 4iL-ya 

J0J*4 Jaj Jl &1 \J Jlill jj-i 4iL*fc4 

6.6 

139.7 

177.8 

11 

177.8 

228.6 

22 

279.4 

330.2 

33 

381 

431.8 

66 

685.8 

787.4 

110 

863.6 

990.6 

132 

1066.8 

1219.2 

220 

1778 

2057.4 


1 - Single BB 

2 - Double BB 

3 - Ring System 


BB ARRANGEMENTS «.JI <iiUy>il4.2 


• a ^ UJ S^c. Jl c^jJI Cii^» (ja BBS Jl jioj 


:4acJ 4 SJl£- 4H^J ^aUaj J£j 


JajujjiJI Jl 4 _ 4 ^, ^^Vl^ 6 JI^J! >^4 Jl 44 ^, i BBs Jl j-a Substation (J^l^ 
j-o *LaUI A^JjuJI (Jl/j-a j( J^.JI JI^J JaJj L<^ ^JUI 214 JIJ ^al^JI BB Jl cJl^JI^ 

C5^i / J&jj J Sj J (_)jaLojJ (jl 4 a \\ jjxu L—U^J 4 (_£^J 4 ^ j-o SjJJI ( x^q l^JaJJj 6 4 47 - 


• 4^uJI 


a r\-*v 4 _j jal jj^]| (sj ^o| ) j>& 4 - 2 kjL^JI Cj^IjUJ Jajj 4 'tfljji )n k tijj^JI . 14 JIJ ^aL^JI BB Jl LJ 

. jjSl 4 luuJI JL*.I 4 ja*J aJa^JI 4 _ 4 ^lJI JojujjIJI ^ 4 Jl CjXjI£ 

(JaxjaJI Jn^v j-Q 4Ja^-J] c > UtillJI £j]| Jjt'vl 4 _Aac- Jj^ nn j-a Aj-JI BB Jl JI^juiI l_ijjJIj 

.4ilS% 


: BB —It ^Uaj J AJUl CjI>^JI ^IJ 


4^11^11 ^IJVI jaa jnaJI Jj$ 


.^aUaJI JJaLuoJ 
.aoh-v Jl CjIAslaJ 4_jJj^JI 4Jj4joj 
. a \l cA Uo\\ jjlq j>& JJ&JI 

. C_JU| ^oj X^Q XjuJjJI Jjl^J JjJ 


(1 

(2 

(3 

(4 
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4j\<qC. e-Uj) 4_xi.liJlj J\j^\ 4_^LaJI 4 ^)j]^ 4^lxial 4_ijl£xil ^>2jj (5 

.uijSplt 


4iKj]( j! LjaJl ^)S|jJJ Vj ^Uaj ^ jl Ig >>)»j ^)S|jjj lanx^ Cjjjxal) ylall 

. CjjjljJ^Vi 4 li-v ^ ^1 Jli£. 6 Lo 4 -ajI^q (jj£J jui IjA (j>L9 4 dlij-L-all B^lj^J Ajjj 
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(£jjjjJ! (jlJjJai CAjjjjj) JJUdC. — cUlllI C_jLll 

:SINGLE BUS BAR J$2l ( oUaMJI14.3 

Fjlc-jj 4 _Lq 4_]ajujjixdl ^ i.>*0-v X\1 CjI j CjUa^dl ^-\n.n 


^Vi.jua.l\\ llA\o\A 14.3.1 

.19 (j^lj 6 4^X1 4-k^i ^ 6-lai <jl j.Hjj t BB _SI ^l^j) JajaLJI ^lll I3 Aj 

— 14 ^^9 L£ CjI^Jjoi cJ^b 5jj* >>si\\ (JjCjUa^-xi 

( ^ 5 lc. ^1 S^Iaj (JJaC. ciij.la. 4_ll_a. ^^9 4j| 4 mj ^ilaSLij .4 

.BB -!i 13 a 4_L-aixJ) (JS ^jVnn9 BB -!! (Jjj 


t 


FT XX 


9 


j! BB _1) 13a ^^Ac. S^b c. gn>n (jl CjJj! 13! Ljajij 

(JjxJj (Jj^aAJ (jl V^l ^3^ 4 _ajJ9 4_iL^> ^9 4j\jj-a (J-aC> 

. (j-o aIS BB -!l 


X X X X 


Figure 14-4 Single BB 


\ < eA\ ^\ \ ^ la \ < xeA\ <A iY,1l ^ , -*- i ^ ** A a 14.3.2 



aIA^JjujI (j^9j AjjjLud]! 

sectionalized Single BB 

4 J ^ill I3 a^ 6 5 — 14 (J^juJI ^9 
(Jj^aJJ <^y^> (JS (jl cilia, ^..bl AjjLqjC-I 
(JiaC. Cjjlla. >11x9 c (J^Lom 
jl C Aj^al Jafi9 JAAJ lilli La C5^ 

J! JIaa.VI dJj 

La£ JL^VI l>^j ( Sections 
. JjVi &J sM ^ 


Figure 14-5 Sectionalized single BB 
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.c_a £ 132 ^ ^ Single BB with 3-Sections J 6-14 <J£i iJbSi 



Figure 14-6 Sectionalized single BB 


(_£A*a]| Jx> Vn JajjJoJ .laJ (JJaC. 4_SU. ^9 (_£^la ^ja 4_jA*j Ia£ 

Jj^aS £a (jfdj Jjj^aj3 1 x>»jl Ja^JI J£ Ja^jj (jl 4 j^aj V (jU Uli 6 JaUILj Ja^JI <JaJI 1-4^-S 

. JIa^VI 4jaj Ja^j ( ^1c« ^ n^ij 4 a^a1I jji £- JIa^VI 


.4a^a1I CjUo^kJI 4JU. IaAJL^J V LjaJ AJii juj ^Jl Ia^ 9 £_Ja]ljj 


( ^ CB J) ) cj\^lA\ 4jU^ j! 6 single bus system ^Ikd 4-louIL JUJ) ja L£ ^IkJ) Ua l-uj uj 
.Bay _JI Iji^j 4U^aiLJl cjV^aII 4j-i*iJI ^-Uaij) (jjj ^ja ^j) (j.^Aj V Bay ^9 
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(£jjjjl! jl JjJai CAjjjjj) jjudC. £jl^)ll — <22121 C_jl 2 l 

:Double Bus Bar gUmJI fOU m ^UJI ^UawJI 14.4 

^jjj 3 j-<a (J^A j-a cilljj c A^JI a ^ Mj 42l*Al Cj1jJi21 CjI j CjUa^^ll ^Ua21 IAa w'n.n 

. 4jA* 21 (JjJafil 4 jj|^aLojI (jxuJaJ aJL^IaJ 4aj^£j| (Ja4j 

I ^^jl S^c- 4_La 

Double BB with Single CB -1 
Double BB with Double CB -2 
Double BB with One and Half CB -3 
Double BB (Main and Transfer) -4 

TWO- 21 j-a (_$\ ^Ac- (JiaC- 2 Q\ 12 4 j 1 laMxt'v 4 ^jJjol21 S^j- 21 j£A ( (J^joi (JSLI 3 

BB 21 . 3^3 \ n>n 4 IS^ixt 3 I ^9 <22 c > (jls S-lf-la* S)j 2 (Jjc. 4 iU-iaV LaA-laJ (Jj^aS 12 ^1 BBs 
Aic. j£A .(_£^Luj 12 Bus Coupler, BC jljjja 21 Jajlj ^Ia^jjoAj 421 ^2321 (Jaj j^Aj 321 ^^121 
L2 4j 2 xfic* VI 4_2kjJ 4 jujV 1 (jaj <2laA .jl (J_^a*21 ^Ac> ^A^juia Cjj. 1 ^ 

•(Jj 



Double BB with Single CB : ^ ^i\\ 14 . 4.1 


Jja.2) ^ 4 ) 3 ^ 4^12 (_)ij M-l (_gAc- SJuA^k. s^jIj AiljJaV >2 a 4.221 a!c«3 {^ 7 ~ 14 Jia) ^321 1 A& ^9 



Figure 14-7 Double BB with Single CB 


: 42121 L ~ M-2 Jl ^3j^J|3 

Bus Coupler, 2 ! 3 I& # 

BC 

JJ\) BC 2L <j221 CB 2! 3k. • 

(.1^21 (JjoAJ La^A 2 — BBS 21 ^Jjl2 

Jc- 4_L-aj21 j2j 21 jj£12jj Jc- • 

6^A Jc- ,^21 JJ (jl 2a2f) M —2 

j^xu j>43 l^Ax^a (35244 jj£l£j21 

( jUL l^lcj 1 ^ 1 9 
M - 1 Jc. JI32I jjSliu, ^j 9 • 

BC 2l> (j^aLaJl CB 21 ^39 # 

BC 21 jj£l^oj ^ja • 
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aluVI 


jill <joiAiA ; J J c_jLS1I 

4iLAal ^1 4j\jj^a IjAla. J 3 VI BB Jl Je ^L*"iJA ^c^aJlj J_^a*JI ^)j|^A ^JA'N C. 

.^LaA^JI Je jjjUI (jjA CjLlA^jj 

SpUl aAA Je JIa^VI Jj^aS (jjA SjAj (j^aLaJI OB Jl Je 4_j\jj^a Ja£. 4-iII^aI ^»Ae £-JI l-AA L_UaUj 
SAa.lj SjA cJLa C-ljlS IaI J^kAll S)jIaj (j^alaJI CB Jl Je 4 JLj>aJI C_ul£ IaI JJ (j^^fJjuj 3^)3 6 IAjjLj 
. JIaJ 4iLjal Aie jl BB Jl 4-jljkrO J JaflS AjAa 4il ^ 1 *aj 4 JIa^VI 4il£ Ja^jj V (_£}^VI Jl Jl C_ul£ jl 

(^alaJI ^Aj ^sLjal JaL ^Ia^JjujI (je vLiJaB JIa J£J ^ISOldtOTS^ J*--^ (jjSUjuo Cj>\j ^Ia^JjujI Ljajl 4_muj 

.Bus Coupler JL 



: jUI ^LkJI J Bus Coupler J[$ JjVl flkJI J Bus Section Jl <ij' J^V 
(jJ>^> Jl BB Jl Jali (je SjLe jAj ^ Bus Section (jl >>iJ I JjVli =J- 

J ^Je 4_ll Uroll JIac- 1 J^aJ ^1 JUaeVI CjjAa. s-LjI JlA*syU 4 jA*JI ^LjJajjJ 4_1jua ^Jaxj Iaa 

. LjJ l^ jja.vi 


BB j>A jjSI JaJj 4 Jaju ^j£j 4_&] Jali lAajI jA BUS Coupler (jUxAaJI j^aIa ^auJ ^Ul IaI 
AaJ ( Je 4_jlix^JI s.Ja.1 jl JUaeVI J-JjAa. c-Lj! JIa^vU 4jA*JI ^LjjJaLojI jjAjJaJ ^uaxj £a 

.JIa^VI ^jjjJI aIj^A ^1 ^jLjjaftll 


i- 


Double BB with Double CB ^Ai\\ ^A\ 14 . 4.2 

.4j*jj)JI cJ)jJa]| 4jili_A CBS Jl ^Ja'v IajIa JjSj (8-14 J^Auj 4ljx.rojJI aAA ^A 
Jl J 4 K^ia JjjAa. 4Jla. J 4_j| 4JLAal Ja La LjAIs ^jLJI gjl J CjJa ^Jl CjJjaJ 4iLjaVLj 

i ^-jLlil CB Jl ^alAVnJ S^joiLa La ^JajS (^g^aJI ^1 J^a.JI^ ^.Ijjuj S^jIJL (j^aLaJ! JjVI BB JL Jj^aiJI CB 

.SjjjSja CB Jl jSLiiA (jl jLjel Jc- 4 _aIa S^ja 6AAj 


CjUa^Aj aJjJI CjUaa^A J ^A^JjaiJ 4ifJj 4 jaUI Jj^aJI CjUaa^A J £>A^j jjl jAjjj lAa. l. aKa ^-JalL lAAj 
4_^.LaJI^ 4o\<~\l j J| 4iLiaVL ^jJI lAA l_ujuj ( CjUa^JI oAA 4 aaAV Jaj ^jjUlj j JLJI A^aJI CjIa Jj^AJI 

. Breaker Failure JAijAa. 4 JUia.l c_ieljaj Iaaj Jlae Jil 2-CBs J^J ^L^j 4 j| j^jjjill 
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(CjUujj) iV- (J ■ —><a\1 — dJUl! 1 


jLJI 


FEEDER1 FEEDER3 



Figure 14-8 Double BB with Double CB 


Double BB with One and Half CB m.4.3 

4j>Ij 2~BB ^9 liA ^ ^9 — 14 J&u) (jJiLiLaJI ^ ^ (jjj lajujj 

^Uaj ^^9 ^)J9 jj]| (j>a Ic^j ^ \*J I^A ^ (_]£J ^ ^lals Uj^ (_£l J 

.4 \ k^x 'qa 5jj ^liA ^aJ-bai CjUx^oIIj S^j^j IjlA 4_uaAV^ . AJLiLuoII 4 | IjliflxJ ^)j£l ^ 
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jill ; £j| jll L-lU^ll 
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FEEDER1 FEEDER3 FEEDER5 FEEDER7 FEEDER9 FEEDER11 



Figure 14-9 One and Half BB 

S-laJ^SI 4c» a\\ cJlji^lall ^ ^ SJ_£2 ^aJI 3“CBS -SI (jl (Jj^aVI 

j\\*\ I^Sj c 4 j*jj)oSI c_9^Sa]| SjJojI (jvLoju <jljjVI BBs -Sli l ^ 9 — 14 (J^oiSI Bay 
. Tie-Breaker JLla^jll ^ ^jA\ CB Jl W ^ 3 i3> V 3 < Main-BB U 4 I 0 

^ S^UI (JLgjoi (jxoJ ) (jyl (J^aJLxdl JaaJL (jvLx^alxdi CBS -SI >1^ jli laa* (_^l (JJaC. .Aic-j 

ciSU& ^S vlxa3 c 4 (_£^VI jjl^JI (j-o S)jl^ (_£l 4_UajLASI Spl^lSI (Jjjtj ^tlSLi 

. Bayll and Bayl2 ^ s^^SI CBs-SI ^ Aljp. ^ui jjjLJI J£jJI Feeder -8 ^ 

4-laa.vLa £-* 4 CBA 1 and CBA 2 4f)C. 10 — 14 ^ T1 JaaJI ^^ic- (JlaC- tiSliA (jlS ^Sj 

Umj CBA 5 (JvLa* (j>» S J^j^a-oll £y> ^jjjuo T3 JaaJli 4 Ulotl jjlZi V Ja^laaJI 4 j5j (jl 

.10“ 14 (J^joiSI L£ 3 6 fj 5 ^-Sal^flSI ^)JC* S ^jAi«a^ftSI (j>a 4 jjA*j ^j_Luo T2 JaaJI 
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(j\ JjJai CjIjjjjj) jjudC. — CllUll L_jtll 


Supply Transmission 

S T1 Line 



Figure 14-10 


A B3y (_£l CBS -Si (Ja 4j| 1 x>»jl JsLa.V 

S ^pJL^a^aSI (JI^IaS cHA 6 CBA 5 C & n«v 11 — 14 (J^joiSU ^Ja^-ll Jllftll Ia^ ( (JIa^VI 

. lajjla's'i ^jAc. jpli 



Transmission Lines 

Figure 14-11 


jJalili JvLa. i^ja (J^aj T2 laali Lmj t 1 jlaliH 4 jlaliH (JvLa. qa ^j^aj T1 Ixalli 

. 2 ^ 1 f3 4 
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^3 ^Ua3l q\ ( ^i*J .Ja^ll 4 _Lqj 6^3^j2^1^j4 ^3j (J>L^ (Ja 4jjA*j T3 laaJli 

• CBA 5 ^JalSSI jjbj 

. CjLa*_x3I ^)Ijj (_|a^jj ^£J 4_aJvLo v\3a 4 CjliL-ajj-a (_) <j! ^j\*nnj I3& 

JS33L ^jJa^aSI Ia^ i S^)j|^ L$\ cJ Jk - ia ^ Ljj^ TWO"BBS 31 (_£I (Jj^a3 la31 I3& ^9 lx^ajl ^j^aj 

^j^AJ £jJa]Ij^ .(J^joilU Cj]jLau31j S^Ixa (JIjjV 4j> 13I JajJa^JI (jl V] BUS 1 31 ^J3 ^C^)3 tl2 — 14 

i^\ ^LsLjaj ^Ac* ^)331j J)Jajj ^Ua3! (j) ^ lxJ 6 (_£> 4_3 c- < flJjJaj (jl BB 31 (J^C- 

^I^aLuA ^Ac« ^C'Lujj 4_aJl^JIj SJ^2l^3I ^)3j. 3I 4_AL ^lc> ^)jjIj ^ (J^.J C_ul^ 

. (Jjjuaull 4 jj!^<UjujI j A^n^W 



Supply 

s 


x 


Transmission 
Ti line 
A Bus 1 

r 


t 


♦ 


\ 


CBA 4 


\ 


CBA L 


£» 


— 

-►l 





i 

1 

1 

\ 

CBA 5 


\ 

1 CBA 2 

1 

1 

1 


r* 

4 

- J 

i 
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! 

t 

+ 


i 

1 

N 

CBA 6 

1 

1 

1 

\ 

u 

1 CBA 3 

1 



1 


i 

1 

1 



I 

T 

^ Bus 2 


T3 T2 

Transmission lines 


Figure 14-12 


aajIajj (J^.j a \1 j^jjai a }-v \a BB 31 ^Ua3 (JiIaj 13 — 14 3^ 1 "^ 


363 


























364 


(^J jjlll (jLii^aS ‘"''j"') J-4c. — CLlUjll l_sLll 



220 kV 







G: Generator 
L: Load 



Figure 14-13 Seven Bays in a generation station 


Main and Transfer ^i\\ 14.4.4 

^ (14-14 4a ^ 2-BBs 14 a 

jiiu ^jiij Ujli (JiaJ) CB J 4 _jLiJ^a lijl lili t ^ Main ) BB —51 

<j£^l £ bus coupler (Bus Tie) <*JalS ^ cJSij V^t Bus Coupler Jl 

44 JUI jlij 4 LjjLuaIg BBs -SI >1^ ls^“ >SI ^ n^j (jl j-a cJSij 4 joiftj ^Jalill 
^aUJI jj£l£oJI jua ^ jaj s^lJL (j-aUJI CB Jl J>u ^jaj ^ j Ignlu^i J 3 JI spIJS Transfer Bus JU 

.4j 
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Incoming 

line 


Incoming 

line 



Transfer bus 


Outgoing 

lines 


Main bus 



Outgoing 

lines 


Figure 14-14-14 Main and Transfer BB 


(_^UI CB Jl uj& aJUI aaA ^ a_JJI ajj^JI Cp Transfcr Bus JU vi ■ a JaJI ^jVI ^^ 
4 U.4 LdLoj -1U.41 --' . aJUJI oJa ^45 a j . ^11 4 j\ ^r. c.U4 ajjLo^j 4' a >ng‘i BC J J 

. JjVl J Ji (_s^l Double BB with Single CB 


la^jj (Supply) Jl J& Jib Ojas, oja (Line Circuit Breaker) Jl Aj «.)>?.) CaJ £jl' J 

.(Double Bus-Bar with Single Breaker) cp J)XQJJ 


<J4 jl Jlat aJU. J (Transfer Bus) Jl Jl (Main Bus) Jl <> Jl»a.Vl J jiai; 
JI^JI (jU a *'ij‘ Jl Main BB aII^ aJ a 1a■ ^Jl s J <.i^j (jJ^ t (Main Bus) J 
Disconnecting JJa Uil j JIJI J& CB a^jj V Ajl Ajlij oj ± Jl cjVl BB Jl Jl Jii 

. Switch 

J (-ai^aj Us>^l£ (Main and Transfer & Double BB with Single CB ) <jJJiJI ys J Jia.V 
ajaLuc-YI l)«j 'J> j lajl# Ua ojSj Bus Coupler, BC Jl J single BB aai J& 3j. »U1I cjjjll 

• Single-BB Jl Jlai ,J aJ «"nv VI aJg (jj^Uaill ( J 
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jjil CjUujj) iV- J^l — kO 1 


jLJI 


Mesh-System $1 Ring System mJI : 4JUJ1 follawy114.5 


^jjliLa SA& 4 15 — 14 (J^joiII 4_llc. 4 j^Luc-Ij jxoJJ 4_Lk-sa 

£jj_p L>° S^IaLojVI (_}a.l Cy* ^'^ c ' 6 ^Ij^ll LS^ (J^ 1 * jll I4jJaau 

.4_ij^£1I JUl^vU 4jA3lj1! JUILj a I^^aW ^ ls \c. AjUj^al! CjVI^ 

)!!j .a £±^I ^ s^ja^l (Circuit Breakers) ^JaljSlI ^ LjL^ (Circuits) —SI ^ uj^ ^U^SI li* 

.(Main Bus-Bar) ^ ^xu*j 


FEEDER 8 


FEEDER 1 


FEEDER 2 


^ 1-52 CB ^ | ^ 2-52 CB ^ 


/ 


/ 


8-52 CB 


3-52 CB 


/ MESH/RING / 
> LAYOUT > 


7-52 CB 


4-52 CB 




/ 


-V 


-\"-p\—I—I—Nr 

6-52 CB | 5-52 CB 


FEEDER 6 


T 

FEEDER 5 


FEEDER 4 


Figure 14-15 Ring System 

^ i s^IaII (^Jj^aflS 4^,l^JI (_£^V! 4^3kJI ^il Power flow &ta3l CB a jLi^a Iaa 

aac; jlS IaI <ubVnJ JjJaij j^.Sn jl c 3 ja 3I jiS t One and Half -SI asK\ ^ cjjj& 4Aa1£j 
^ Ujjj ^llo ajI^jSI (jjjoiij I4I0 sa^ ^ Iaa*^ Mesh System ^ aja^ I4*.jaj t Ij^S 

.4<n^SI ^ jjI^aII 4jI> ^jc. Ai^aAid l^iSS CBs -SI c> 1.5 spb JiS jjSiuj One and Half a. SU. 

(Jc- Oja s^IaJI Jx^a j 2-CBs ^ cju^n' s^Ia Jc. ^ J Ring System ^ 

. jjIjAII 4_tfj 


cja^. Ja^JI Jj*J (Circuit Breakers) < 3 * ^j±n\ (Jj. .aal ^tiaj 4 jV k*-a 4 jI ■'^ II ^Uaj (jl 4 _ujljj 

.(Fault) JJac- <Q 

4 j*Ujyi iAaJI Jc. ^u*j 4 iV Syta JSJ (Voltage Transformer) ^ JJ J Ik 
. cij (> jlpll *Ujl jjis JUu^.1 t-n^Li lilljj ( Directional OC Protection 
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^u&] c > in» (_^V jl 4jl_ii^a]l Juc. 4jl Lo^ c I4flj» >>> ylj&Laia ^jujjall Ajj^j-g (j! Ljajl ^Ualll 14 a c > n»j 

CjVj)^\x> 4il£ <». t n*nun 1 ia ^ja^jaiL* La ijjuJLq ^Uai]| ^ n^ij Spl^l 

One and Half—SI A-^jlVixi ^j^c. (< _ 5 -Sc- AjLxjja 4jLix^a]| $.IjjI ^UaiSI aj^I xnc.1 ^jl ^\*^ IL& 

.4 jLjj^aSl ^Ifii jl (Jaiuoull I^jILj Ai&Lua-a L^aB Bay (_)^ (JiaJ 



I *l$d*l QUjUi* 14.6 


. (_]. .i .oil ^9 ^lu jjll A j l^jtS^lc. 'i.cn»j A U.^ a! i . >.g\l jliiiJ 

: l^Lo AjjLLoI] (_gyk) jjL-alac. 
: jU^Vl -1 


Table 14-2 


Configuration 

Relative Cost 

Comparison 

Single Breaker-Single Bus 

100% 

Main-Transfer Bus 

140% 

Ring Bus 

125% 

Breaker and Half 

145% 

Double Breaker-Double Bus 

190% 


Reference: IEEE 605-2038 


4j^UaVI -2 


Table 14-3 


= Annual Foil Rate 
r = Annual Outage Time 


[/ - Average Outage Time 


Co tiHgii ration 

K </yr) 

r (min) 

I T (min/yr) 

a 

0.04S9 

72.15 

3.5.1 

b 

0 0453 

71 95 

3 26 

c 

0,00301 

184.56 

0 56 

d 

0.00567 

124.216 

0.70 

£ 

0.0174 

81.88 

1.42 


a. Single bus 

b. Sectionalized single bus 

c. Bieaker-and-a-balf 

d. Double breaker-double bus 

e. Ring bus 
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'sll 4 _^jU 1I 4_iJ^£j| CjLq.^^iII ^jjLalaJI 4 j\ 3j ^J! 4_ij^£j| ^paJjb c V^j 

LoiJJ Jil\ CjUaJL^all 4 j\3^]I C V^j yj qjiaW l ^jAx^ll CjI.1*_xAI 

S^Llj ^Ac« ^ ^ j 4 xALl ^j.rO'N wi ^.<0,^3 ^j±l ^Jajoa ^Ac« ^)^JaJ (_£3ll A^JI (j>a 

4lua&j>j (J^>*]\j jou 3 4 dilAst-all &3A ^3 ^dajl (JiaC> ^)Ijj 3^2wj 4Jl^ ^3 4 jLo^JIj ^Infill 5^_^.l £.131 4_ALx3 


^Jjoil Sjj) x 



Figure 15-1 d?^' o^jj^ 


ajmflTij 

Neutral earthed j3buJI 4_Uj ^jb • 

djL£jllI ^ ^jaII l_jU£ 2_^l j) jV»o^ J (j^ajjb # 

a'j^ll 4 _ij^)^£ 1I dllAiAj^ajllj 

*I>VI (jiajjb ^ajj i~n^v JUJ! 3^adl ^jliJ (j^ajjta • 

4a1ct1 <^ 5 ^j diV^xAl^ jj's >Ti ijjaJLi 4_j^al_iJI Frames Ayo* a \\ 

1-15 (J^joi ^ tdli U£ Cable sheath c^USJI 

3^jj Cm .4 li^xAL 53^2 ^a 11 di>\jl£ll Idajlj 

jAj -4 li«v A\ CjIjLjl^ ^jxt'V 4_1 (Jj^aJJ ^alc. ^_dajl lxul3 

. troflll |jlA ^j-ua^a 


^djiSI 6>£il5.1 


J^SLJ 4jl£ bj 1 k A A ^_il 4_DU ^ja 1 ZX-1 Llj ' * A ^)11 n ^ l^J ^1 Jjl jLjJ (jl 4 ^LluLluV1 

.4J LoiIaII (J^lau 4 bs\\ 4jjj 13 t RetUm Path (jiajVl (JvL^ 











jill <joiAiA ; £j| 

4_xua]| (Jj^aJ UlLS .^jl 1 0*5 CjUa^J) ^gjJajV £J-0 joixJI 4_xUfll) j 

!^}u(^\ ^ 4_<o jULo] L<u 3 ^^Jaau 1 15 (Jj.4aJ]^ . ^Jajuo jIaII £Jjj4^ CjUax»A ^ ^ajl 5 ^1 

.4fl\~ \-\aW 



Table 15-1 <j£t*Vl ^ 


Piii’liculars 

Permissible values 

Power Stations 

0.5 Olmis 

EHT Substations 

1.0 Ohms 

33KV Stations 

2.0 Olmis 

D/T centers 

5.0 Olmis 

Tower foot resistance 

10.0 Olmis 


Ground l4x. (j-ajVl ^ ajls&ja 4_ajULg c_i3l^ 4j| Ja^V 

liA (Jjliil tiaJ ! jJj c (jiajVi 4 _ajULg 1jjjjjJxa (JJasdl ^)l_p 4_xu3 ^Lojj 4 _xu^j ^)^aj Potontisl Riso 

. Lo^ ' w 4 ,>>o-v \^W 4_ajULo1I CjI j I 4^Jjoi (J>La» ^_all 


15 . 1.1 


^IoA^IaI) ^_all ^325 . lo£ jljj (JfcflxjiA L- Uti*\ ^Uaj (_|a*J S2).2xja (J^La 

4_x^H 4 \ n«o jjj cilljj ^jLqV 1 vllLa ^IiaII 1 av w ^5 wlj ^jiajjlj ^»l4xjjual LasI^ UJ)^.J 45 

Ijl 6 4JUJI 6.4A cs^J • l^JuiaJjlj JsIa^I ^il I 4 I 0 J 4jc^)a]| CjL^HIj ^jiaJjtllSI CjIjIj Jl I^Jiaj 4_ia^ajl]I 
I^a (.-Lol^J 4llia. 4 _ajULa jli L l^J^laj d l&jia5 >1x0 4xj]jiajual Sjjj juibo (J^joi ^-lc- 

:4JU! ik\*Jl 


R 


-JL- h !l 

2n L d 



c^Iaiu l^J 4jfl5l Aj^jjjI UUxJ p.Wn>i“ 4_Lajuojxoll 5l^xJl j 

Jis!l ^5 Lo^ h (3^ ls^“ 4J^52la j 1 b 1^-jJa^C^ L 4i^laj 3 

I (j^LujJ ^ xiajVI ^LojULo ^3^ 4Jl^JI ^ 
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4 <\1-i 'i VI ^ _] ■ —><a\1 — ■'' ill Ml L-llull 


R = 


P 


A n L 


, 8L 2 a 2 - 7r a b 
In-h 


h h 2 


ah 2 [a + b ) 2 


-1 + - + 


L AL 2 


^ya A ^jC- ojlj£- * ^ 'tio\ R I 4_>ajlLa c_iLoi^^ 1-^.ai.u (JLa&l 

(IEEE-80-1986 a^uii oli—i^li) 4JUI iuijasii 


/? = 




2 ^\_ 


VG&) 


Jl*JI JAaII tiUa&ft ^ gfly/UJI 15.2 

jUj ^jLuo^oj A^vlc. aJ i-^WS l—lujiIIj c u2]j ^j-o 2ic.l jyt^\k ^'v\1 CjUo^q LqI 

>lxo Cable sheath (J>La. (jx 2 j (JvLa. ^j-o ^aa 11 ^Lp ^-^ 2 kj (jl^ lili 6 (JiaaJI 
Ground Potential ^xluu ^211^ (Jiac> 12 a <j-o ^22! ^Jojoj ^1) ^\»Ti 4 l^xu> Uj2 

.Rise 



Figure 15-2 GPR 

43aAJ 4 xj^£]| A-gjIaaII (jl ^ *13M 1.1^9 >lxo 1^2 (^^LojJ Lo 4 a ^^9 ^aliaj 4>ijULo LqAIjlS 

s^xxaj-<2l 4\~i51l l^JiLoj ( ^2I^ — Remote earth 21 a l^s\ ^1 (Jx^aj 4 ^a^ju* ^liui ^\ ^yu^u 

^Jt2Ljj c C5^ CjV ^2t-2) (_y* c ^ u»Vi 4_2£l! 4 _a jUL2l 6,2 a . .laj^ J^y^A 

~N ^^2a ^9 L-lJxJjjj .^ii 4ili ^\ 8 AxojliLo Jj}jj£lj (J>La» 10 KA vlxo (J^LoiJ Ip II jlp J 3 ^ > Q A1jl2 
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^uaJl lie. 80 kV ijjL^ 14 a. aLuL t Ground Potential Rise, GPR ^Jc. 

(j^LuU V A 1 *\a\ 1 l^a I 4_la^a-Lo . 2 - 15 ^3 | Ip X Rp ^ (J?} IxuJ^ 

Iji - <_SjLjj 3^a. JJ u g" *' ij i ^uaJI jllJI ^<L)a. a t-»ai l^a. jjojj l^jjj <J^)i]| (Jj i a K 4_ojjj]| o^A 

.2-15 JS2J1 yi LS (>jVl ^ 



33j 6 JI>V ill jlgaJl vHo ^0 4 Apij ^lajai ^_lc. J^aJl (5^ (jl tiA 4_iitj]l 4^11 

j ‘ *-_j • Cjllaa-41 oi& ^3 S^laaII l^a. Sj aiaa U." liA 4 ^jLoJ) (J^JiIl ^3 La^ Cj]^3 1 300 ^J] 3 1 

• t>v 2l^_2wJ (JjAaIII ^ -V ^jc. JU^aII ^Jjo) 


(JjjjoJI ( ^Ac« 4 jL^V1 (J^aj 4_a.4Aa]I &.4A j 

?A4»*1I CjUa^A JlSaC-V) jaA.) CiUrto ,«fl JUaC'Vl u^j liUl 


i~ iWj vli 4 k^'sWa 4_aj 3 4 l->*\ a\I ^^3 4^Jjoi (J>Lk (JlaaJI ^)Ijj Jjju Ai] jj]| CjUa^-A ^^3 

(JlaaJI 4 S.V’iaaII (jiajVI 4_ajULa (J>L^ (Jla*JI ^)1jj Jjju (Jaill CjUa^-A 1 a nj c ■ Ig'S II 

.^^2^)11 ^)Luoa 4_ajULa 4^u3 ^UjjI ^ -v\l I^ jaiftj 4 lv\ aII 4 Ivs aII 


i^jaxAW 15.2.1 

^xiajVI 4 ^Jjoi ^ -v 4 ^luojVI xti a\ j ^H]| 4-ijAx a!I ^ Uo\W ^ ^ -v \l (J ^)2 ^A I^jjaaIII ^ -v ljjjjaj 

e t 1^0 > ^ i I n x ll l IjlA ^^ic. J^iaJjuJ l$'A\ , ^>l l (j^a . 3 “ 15 L&^l ^ \ ^j\c > L-Jzsu ^pll 

Touch ^JjAaIII ^ (_ 3 j^l l<4A ^-AjujJJ 6 J£^l ^a 4_A^AJ I L-ftflJ ^dll ^ Ui\l JL^_ 2 k. 4_1 a L^jj^iaA ^JjJaIII 

Potential ^aJI ^ w^a L-ia^\i | 1 a ^^a ^ic. ^_^JI 4^ua J 4Ja^>LA ^a tVoltage 

. 2-15 l^2J> ^ i$'^\ Distribution 



CuiTtrtt 


'gem 


Fault 

or Induced 
Votta^o 


Fatrli 


or Induced 


Slap 

Potential 

Eiady 


Currant 


HiQli *«U nt6lfl(lvi(V »tuqh v(Mi^9n 


E<K*yr 1$ fliOMnd @yrf*e* 


TstPgh 

PPLvndal 

BswSy 

Currunl 


Figure 15-15 a^ 1 
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4 j ,'r. (J ■ —— ■ J * ill Ml . 


jLJI 


? \ Ajia^XlA ^oj ^ \ A.A^VjLc (j(j\ \i>\.k 15.2.2 


(jjjLaiA (SXL ^)a .Lui (JAaaAl ^)1 jj 4_ai9 (jl J^jLuAI (JSjoAI ^^3 Asia.V 


IA& 4ajULa 4_ai9 I^ja (Ja|^c> SJic. ^Ac. t_a3jpj>n IA&j ‘ Ib "<\1 ^3 jLall (J 1 j I *. ^ a ]1 • 

t (Foot Resistance) R F ^ajV |_5 4^0.19 4a jULAI 4 ai9 ^Ac^ 6 Rg ^jLaijV I 

(jlS 1 aIS (JjVi ^LoiaII CjIajIAa Cj^jS IaIS ^ ^ja j 4 Rg JajVi 4 ajULq ^Ac> L-A3jJjuj ^jlAll ^LoiaII^ • 

• jUI 

JllaAl ^9 ^cg^a. .lajl V 5 6 IAU. ^ajuaaAl (jlS IAI ^ajl 10 (J^Ujjud I 4 A 4ai 9 ^x-a9l ^^9 C 5 ^ (SJaiaAl 4 ajIaa LqIA 

IA&j 4 Safety Shoes ^jUI cA.ia. LijjA ^a^joAl <jIS IAI (Jjj 4 ajULAI IaI^ . 

. 4j.la.Vl &A& sJjljl CjILl^aIIj ^AaIjlSI ^9 L—lluAI 


(JAastSI jLp ^A-i* a ^aj ^^ia. (j^AJ Ia (Jal ^pajjtAI 4 ajULa (jj£j <jl 4 ja&I ^AaiLaj ^>a.Vl c^UAi cjAc. 

4 ^jSaj Ia j* xrol 4jjJajVI 4 a jULAI ^9 jLiAl LJjjJa (Jj^aLa. (jjSj ^tALj 4 "iaII 4ajUL<AI (_^A ^)Lja]| 

. (JaaIII ,^'V (jA (JIaI ^ ^-aauuAl IAa (jjSj ^aJ ^jAj 


bjWi\\ 15.2.3 



IAa ^j^aj \J&\j juAI ^jlS IAI IaI 
uAli^ — 4 juoa1j (jl — 

tj±i l^a. jj9 j^^Aal jijS JUu^.1 
(jA (JaIjlSI c_jjj9| UK IaJjojV 4ja49 

4 — 15 (J^joAI US (JAaaA! 4 lnSi\ 

jjjjj ^ w a Jja Ja*a (JjSj cilia. 

4AaAJ ^JA C_jji9l LAS IjijS 44 -aAI 

.JU1I 


^)l_p L-JjjoiJ AALa. LJa^)*A Ljajl (jjSluj 4_jlA (JSjoAI ^^9 IaS ^X 1 — X 2 j Uj49 4 ja49 ^jij AALolaII C_ulS IA1A 

ibUJt ^JA L—bud^Jj Step Voltage s^UaAl ^^ ^^ajaj ^ 4 -aAI ^ja cs^i Cy* If 

! ^ C 0^ > A1 ^ja JjjjSII (_pa^)J2J^ 4j]tl]| 
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. j]aa>l ^ ^ ( X2 XI ^ 4JAA3 ^jjj 4iLaiA]| C_)j|j IaI^ 4j| ^jAaj^ L>A3 


IAaIa aJs^^Ja 

^jiajVl ^Jajuj a^.~n (Jajj t ground Potontisl Riso, GPR ^a.^ (_£a]|^ a ^a a^. <jjj 3^2 <a!Ua 

£-lla]lj 4 (jiajVi ^-lajoj ( ^Ac- £jJoj3 AA±L (AIajaj ( t 1ui\ ^jjjmj Ag-^A c 

.GPR 21 ^ja (Jsl 0 ^ 9 ^ IajIa (^yaj^\ ^Jajuj A^- 2 ^ 6 4aAc> ^ja C-l^J ^jAoj) A^lAi A^a»j L-bui^. 


^s^V^vW ^4 ^ \ .'J&aSS S. 4^ ^.,- jA^a&a ^ ..4 L * ^ 15.2.4 


A^aJl £jj_p (j, ^ ^ (_]ja]| ^ nm 4 I^juiaII aAA (jl 3 k ^ (j^ U^ AfljLaJI 4 aA£a]| ^ja 

(jJ 4_2c. ^jjllaAj (_£l ^jjj (jl ^Aau I A^A ^jjsl AjjA A^-aJI £jj_p ^ *ts*ia (jl UxJaljuj) ^la c 

^^lc> ^)^JaJ ^a!) A^aJI AjjULa (JaaJ 5 15 .S^lxaJI A^^jaaIII A^a. aA^jola ^)^JaJ ^ 

I ^A ^ojJa 3^ AjuoaI A^jAj 1 ^-lc> C fi3 jj t ~ ^juo^, 

. (J^jall ^JA ^JjaJjVi L5^ U3^*^° Aj)Jj£AI aAojujI^J — 1 

.(J^juJI ^ja (^jajVI ^3 Grid ^jAaJjtj A^Jjui — 2 
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^3 S^C-LuiaII 4^alaj V^) ^jjuaC- (jjj^Ludll (Jx^>q\l — clAliAl i 


jUI! 



Figure 15-5 Grid and Rod Earthing 


Surface Potential Distribution o^j^' ^ &jy c) oW^' £>** API 

. Liujjj (Jj3.1a]| ^^3 Ajujjpi ^ja (JjJaSl (JAaaAl ^)1jj jjja 4 >jVi ^joiUII 


<yy^£JI QUaall ^ jaijUJI 


15.3 


■ ^ y\\ 4_aj 3 ^3 (JUaC-Vl CjIjIjj c > (j! (J^aj t CjV^-aII CjUo^a j)\ .111jj]| CjUa^-A (Jja (J^IaVI ^^3 

S^jAjui 1^j3 4_ajULa (jj£j ^JIa CjUo^s a\1 £>Aa ^3 (JjIaIjlII ^Ac. SjjItv CJvL^a ja ^Ac. 

4_j^flA Grid A^ ^jojLj <._9j^}Xa]| a i^yajj JSL.VI 63A )A]j 6 (jialAkjVI 

. 5jj» >^A A a\) AajIaaII Lt 3 ^ Meshed Electrodes _ll ^ja A^^a^a ^ja 


6 


4 Avs a\1 4_^Luoa 43^JaJuj |^jaa.« aj]| 
^AAa^All 


Jjiuj) ^L<i 20 3 (3^ Ullij 

J ^LSJ^V .(IS^V 11-15 LjJ) 6-15 JS2JI yi l-£ 
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j$\\ <LujAI& ; £j| j]| 



Figure 15-6 Earthing Grid 


(jl tilli (jxi ^aAV( 6 


idle, jjLUxJ) a^ 7-15 ^ ^ Earthing mat ^A\ UiLaoj aSj 



4-aAjquJl A^J) £jjjj jxajj ^Uaill I.AA 

Meshed Electrodes JL slki^l 
a^JI c3jfla JWUj ; Equi-potential ^Uia 

cliA^j jl c j^Aj) b^*-^ Uj^ uA^ 

4^Jjoi AjA^. AjI^A I^Aj ^^JjAj Ajjjj 


Equipotential 

Figure 15-7 Earthing Mat 


(J>L^ ^Jaj L£ 6 4 4_^Laixi J^laLixdl ^ A^Jl ^jjju 8 15 

.ETAP Jl (Jxo (JjW'ill 
















































^9 S^C-LuiaII 4 ^ 1 j ^juoC> ^jjjJjLoJI (Jx^>q\l — Clllliill i 


jUI! 
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Figure 15-8 


? Ground mat _J\ ^ L 15 . 3.1 



5^n«o*v ^ajaj Ia \ ^9 

a£jA 4iLjaVLi (Jj S-^aaa ^.^Vutn V £>3 &j Ground mat 
jti\ o^IaVi ^ c^Uij 6 aAJ^\ Ground Grid I 


(JIajlSI c_9j9j Ajl IoIa (Jja A a\ 1 IgJ ^)jau]| 

A 9 Itl an ^ dlvLxxa ja (jp* SjllO <• v^ 4 a ^Ull CjI ^LaI 


Jis) 4 | aC n~\i ^j9Jj 4 ^Jjui 1 ^jJaxJ ^ 


J&u) SjjojLia 6 ^9 — 15 

<jl ^-lau ^^jJlacA ^Jajuj ^Ac. c_9j9^11 J^a uV c (10-15 


<JA ^^A.13 (jjj .Ig'S Jj^}9 5 Q\1 vli AjjLuJjA ^ja~v 


Figure 15-9 Earthing Mat 





Figure 15-10 External Earthing Mat 


^ 3 ]I (J^IIa]! ^9 CJ^LoiVl IA& ja.^Vunjj 

fi A&j . lju rt i £JJJJA l^j ^jjoaIIIj ^ ^ 

Earthing l$j V ^ Ku tAl 

^ Rods 
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Earthing Grid __\\ ^AM\ 15.3.2 


. ^ I 1 15 (J £jZij 4Bl^ 4,^.1. 1 ' ^ ^Jaxj A ■" ^jc. SjLiC. CjUa^-ftll ^9 ACi ^j^£j JB 



Fence Post Clamp 
FC0078 


CADWELD* 

Connections 


Substation 


Copper- 1 
bonded Rods 


B162 2Q 
Ground Plat< 


ERITECH* 

Ground Enhancement 
Material (GEM) 

General Arrangement of an Earth Electrode System at an 
Electrical Sub-Station 


Connection to 
Ground Grid 


Figure 15-11 Earthing Grid 



Figure 15-12 ^Lull ^ 


^g-hxJI CjLujLujIj 4_L-aJ-o Ljabl £>2 a (jj£j 

C > 12 — 15 

L-k^la .lau £_2a]L^ 

1.1^. MS a L_J^LujV 1 1 ^1 ^-lajuJ 

. Ground mat .£ cUu 


p.11 (j^AJ (jLl^V^ 14_la 

.AjjujL^J Cj>L^aj-2 4_^L^Ji 


.^t2l $^31 C 5 ^ j >- > AjoiaUj Lo -^ c ' Ground Grid 21 cjLLo^j 
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I <iil*Ja*15.4 


4l ^*ya .4141 : aA j ^J14) 3 ^aJ) Cjll 4_uj^]l CjIJaa_ 41 ^3 ^ ■ >^jVl 4 i >" ~j ^ ■ ^*" 4 _iLoC- 4-° ^ 1 4l4 <_33^Ji 


■AiaVl jmaAI qa ^ Step Voltage and Touch Voltage 


jy » 'j . ^ L^ all 4^-L 1 (j ■* ') qj 4_ifljC jL<— lmlj4l JlJlxJi i_jL ua 4 >La. 4-‘i ^jj <411 
"Guide for safety in AC substation : 44jjc.j IEEE STD 80 (2000) <4j <>>^>41 4^41 
2cjUa^a ^_9 ^aUaj ^ 1 ~*' ajLoc- LluiLwjI lu<^« grounding 1 . 


: ^4141 j ^ A' ^2^)41 11 a ^3 S) < )4 .3 4 i 4 ] l .ildll 4. \"'j ~~n. l i 4, ^o\l |1 a ^3j 

1. Measurements of Soil Resistivity 

2. Determine Surface Layer Derating Factor 

3. Determine Minimum Earthing Conductor Size 

4. Calculate Tolerable Step and Touch Potential 

5. Layout Preliminary Substation Grid, 

6. Determine Preliminary Resistance of Grounding System 

7. Determine Grid Current 

8. Determine GPR. If Less than Tolerable Touch Voltage, Done. 

9. Otherwise: Calculate Actual Mesh and Step Voltages. 

10. If Mesh and Step Voltage Are Below Tolerable values, Done. 

11. Otherwise: Revise Grid. 


^ < a t" 15.4.1 

elAj ( ~J^3 (Jj3 Ia^AIjj < ^ CjLg^Ix - 0 4La ^)41j .aj^a4' ^3 ^~4I <Jj3 

: ^a IajIIjj <_j^l]a4! CjL>jk4l 

A 41 4_4. „ a ‘‘.j w "z ^3_j4l ^Ic. LL.4. „ # 

Short circuit Study 4 >t^. 4^ < ^j 11 a^ a ^ 4 >ti. a j9 > a 44 ^ * 

Protective 41 4*° -*^ ^"',v' 433^^4 4 < ^'‘v IIaj 4L»\t 4* *"*4 AjLiaJI 4 ^ <*ij 4*4 ^ • 

i^yajx j 4C4) ~^Ac. Lj ^41 4 _^li 3 A&jx^et ^3 4 jui >.11,< Coordination Study 

. zSj '' l •' Lo^ 4L4I 5.14 4^3 ^4- X c Uju 4-<u4I & 1 a 4 ^ <"44L 4 * l 

4 _]j 4 i SjijA. • 
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Ajjj^SII ; j^jljll 

. Soil Resistivity ajj^H Ajc^jll a^IaaJI a-gjs Ai^t-a • 

(vUlo (Jjx^ Ajjoll lS^ AiLjax ALa-uj AfijJa Resistivity A-qj9 A $jx^& • 

.AJbll ^ -aj]| Cjj^JaA ^3 e.Jl_AI (_)j 3 4_>al^j) 4 AjUAI CjU^Llx]) (_)S 

<U )li\ 2LL&^i\\ CjVjuu V h S^ VonA 15.4.2 

*UjliU]| ^ Soil Resistivity _A1 ajjujUq 4 _ajs L_AUall ^ajjaj cjU^juu* ^^9 UslS U 3 ^ Ujj 

. 4_jjlil] A^ojUall 4 \\ 4j1a£- CjUUs (J-oC. AjvLs 4 4 x> Uojj 3 ^ Ul t ^4 jjjA1 

cjL^J! ^ s->t£ lsP cif^j Wenner four-pin method aIjjL (jjUl £>Aa j^t 

^jaII i>U V) 4 jjj 1) L-Laia. 4jC^iH ^UjUUll 4_njy2J ^ln»j 2 — 15 .L-aIJ-oII 4_ij^S1I 

. ^CjUoIj9 (J^C> l_l^j (Jj l 5 1 i^ * - «aJ 



Table 15-2 Ujllail 


Table 1: Basic Range of Soil Resistivity 
Ref. IEEE Std, 80, Table 8. Copyright ©2000. IEEE. All rights Reserved 


Type of Earth 

Average Resistivity (Q m) 

Wet Organic Soil 

10 

Moist Soil 

10 2 

Dry Soil 

10* 

Bedrock 

10 4 


(jjj cAaUUI l) *^aj US c 4 _Lx^UI ^.LU 4_^jjU1I 4_^.UUI aJoaj ^jASI jiic. CjUIja!! wi ^JjJ^ajj 

100-50 Lf^ s^jS Four Electrode method ^Ul) ^ ^^LoU) a^ujVi cjbjjjSW! 

Ujaj^ s^iiS ^yUc-l 4_AjlU]| a^qjs 3 ^ s^A)a]| dulS UiS 4iUu2l 6.U Cjjilj UlSj yio 

.^4jujV1 CjI^jjSIVI {_y* l)S 4iUix2! (_^Uj (3^ UjjIU 4_^jUUll 

CjI Uajl a_ASjjjj Ajjj^ 4_jjjHj ^>UV1 4j^S ^gAc. c_A3 jjj 4_jjj11 Uj^SII 4_a jlUll 4_xu3j 

( (j-a LS^’ AlLojlU 3 ^ lU^\^ UiaJlj 4 jjj]| 

L> C5^’ 
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^3 SAC-LuaII 4 ^' j ^jJaC. (jjj^Ludll (Jx^>q\l — Clllliill x_jLi]I 


Surface Layer Derating Factor : acAtU s^U<\\ 15 . 4.3 


4jjj1I ^JajaJ 4_iC^j]| 4ajIaa1I ^ui 15 5 (j-a i^A^n Jal^ll j )I ^ ^ja 4 Q)b (._flLjaJ IajIa 

5 JUj aS'Ui i 9 ^i 4jcjj]| 4^jUJI jhi^ jJallij . Touch and Step Voltage Jl jL±. <JL <j! jJ 

4A^Jall 4jc^ill 4 ajI&aII 4_3jj^Aj 1aj 3 ^Jaau 3 15 (Ja iAIIa ]j 4il_^. ^\ 4_ilaj (_)Aj 4 _jjj]| 

. l^^AxJJJ 4 a A^JjuaII 5 A\a1I 

Ta&fe 15-3 


Table 2: Typical Surface Material Resistivities. 


Ref. IEEE Std, 80, Table 7. Copyright ©2000. IEEE. All rights Reserved 


Number 

Description of surface material 
(U.S. State where found) 

Resistivity of sample Q in 

Dry 

Wet 

l 

Crusher run granite with fines 
(N.C.) 

140x10 6 

1300(ground 
water, 45 £2 in) 

2 

1.5 in(0.04m) crusher run granite 
(Ga.) with fines 

4000 

1200(rain water. 
100W) 

3 

0.75-1 in(0.02-0.025 m) granite 
(Calif.) with fines 


6513(10 min after 

45 Q m water 
drained) 

4 

#4 (l-2iu) (0.025-0.05 m) 
washed granite (Ga.) 

1.5 x 10° to 4.5 x 10° 

5000 (rain water, 
100 Qin) 

5 

#3 (2-4 in) (0.05-0.1 m) washed 
granite (Ga.) 

2.6 x 10 6 to 3 x 10 6 

10 000 (rain water, 
100 Q m) 

6 

Size unknown, washed limestone 
(Mich.) 

7x 10 s 

2000-3000 
(ground water, 45 
Qm) 

7 

Washed granite, similar to 0.75 
in (0.02m) gravel 

2x 10° 

10 000 

8 

Washed granite, similar to pea 
gravel 

40 x 10 6 

5000 

9 

#57 (0.75 om) (0.02 m) washed 
granite (N.C.) 

190x10 6 

8000 (ground 
water, 45 Q m) 

10 

Asphalt 

2 x 10° to 30 x 10° 

10 000 to 6 x 10 6 

11 

Concrete 

1 x 10° to 1 x 10* a 

21 to 100 


( ^IVua 4Sj a xti j^£* 4ojU\i aA&j ^aA3 SjjojLia ^jaaIj ^ja ^jIj 4jlAa]| aAA 4 _iaA|c 


4jlAa]| £>AA ndHti j i 4jjj]| ^Jojuj 4ajULa 4aj3 OS *>s\ I (JaI*a L-jLa^J tlaJjuj ^jaj 

4jc^ill 4 ajIaaII ^Ac. 4Haj 3 c_Jl3 jaj Os (JaIslaII IAa (J^Laj 4 nun cilEj CjA^j (jl 4 ajI&a (JjLjj 

:4jlbll 4JaIxa!I ^ IaS 4-ia2ajaAl 4o^Ai\i iAajujj 4 4_jjj11 


c s = l- 


0.09 (l - 
2 h s + 0.09 


Where ^ 4 is the surface layer derating 


factor 
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'"' is the soil resistivity (fLm) 

P 3 is the resistivity of the surface layer material (fLm) 
hs is the thickness of the surface layer (m) 

Touch and Step Voltage Jl lie. li* <ja Ai/UaIaj 

6 ^A (Ja (Jal ^ U«o \j 4 ^Jajoill 4fltli cilljA (j£J lil (^Lujj Os (JaI*aj 

. 4jjj]^)Sl 4jLla]l 

L<a ^jLoijV I ahin £a ^Ic. ^ I 1 -^J)■* 4ajIaa 4i\jJaVtj ^ £ 3 6 oJljJic. Cjlj_A I 4 I 4AjJaSI fijlAj 

11Jajl ^ ^ 4 I4 S A-UjjLojV I S)ia 3I ^A fijlAj 4 AlLoii ^)jaiC. (J >■ Iluj ^uuosJI (J>La» ^)Lull ^jl 

.4_3jj1) 4ajUa 4ajS (j^alflaJl 4 jlk«oVl 4 _jjjS1 ^ja c-IaSI j^^ 

^ $ j ,^\ a A^Ajuia cjVjui^ * li\Vl\\ s^V^N-W 15.4.4 

. ^&33c -j CjIj jjjjSlI (_]£J l_luj11a]I £_LaiLa]l 4_a.LoA L-jl jma. ^a 4_i1ac. <. 9 Ija! 

.4_Ujj1_Lo]I 4_a.LuA L-Lo^Luj S^iaaJI fiAA ^9 j 

^ic- J 6 ^*^^1 ^jLnSlj ^)Ijj 4ajS ^ic. LojLojI L_A3jJJ (JjL-a jaII £-1oAa 4^,Loa ^a^^I aa ^A 1a!^ 

4aSI*JI 4_2kj.ll (JjlaJI (Ja^a USjja ^)Ln] 1 JjA^. (jj£j ^pS-*-SI Cj>LA£j| 

AaJli dj-Gj c l^jlc* (Jjlc- ^ jli 4 melting 4_i i~iwj <jl (Jjs ^x^-iall ^ja 4jjoiU]| 

^ac* LjjIjjoj! a^J 1aa_^ melting 4J i~vwj O^a 4 mx> saaS a+Jli (J>^j ^ k^i°^\ 

^3 (Jj^aJ i 3 15 (j- 0 6 ^Aj l ^ ^paJjlUll CjvLx-sa j-a ^>r^5 

Sj|^ L_jLa^J ^fl"CjLuxu-aj]! ^aiaxx> (jL<i>U ^j£j (. 4^4_2hj^ 1000 -SI (JL^ (_5^i (jiaau 

Ja*a ^ 800 J 500 ^ 


(_jj3 IjiA j$jy* („ 5^1 4_iLgJ)]| S^aSI ls^ 0 tjoiLuj) c_A3j3j (Jj^a^ASI 4_Lo^jj ^y^3 ^jIj j ^j) Jaa*V 

. 4j15j3I 04^1 (Jjjuujj (JAJ * >iax^ olS c_j jUnxill 4 _lujLujVI CjIa^IxaSI (Ja£i IHj c 4jLoaJI 5)4^1 j 4 

CjLj^jjSI 2^)a]| l_j1j£J 4-LaJI cIa ^ ^2^)11 

^jxUrf'Vi Aic. S^jar x^iSI CjUaa^SI ^^3 3 ^11 (jl jj"*" IEEE - 80 -Sjj 

. ^ajVI 4 a jliu 

jl GPR JL I 4 J 4i^U Vj 6 ^jJajV I CjlxUAj^aJ ^3 4aI c- Sjlo'V j naj ( ^jJajV I (Jj^a ja ^JaAa C_jLoia*3 1 ajaC-j 

.^jaaISI ^ yj 4 S^laaJI <44^. 












^3 s^c-LloaII 4 ^j ^jjac. (jjj^LoJI — ciilliill L^Ul! 


|JA c-jLua <Jj jJa 

: ( xJaLall IjA C-jLoi^J (jljAJjia JL2 ^j 

IEEE J! CjljL-aljA S^yi 4 _njj 5 j]| ^Ia^JjoiIj l 4 AJ^la]| 


K 

■«r Pr 

O 

— i 

TCAP 

1 ln- 

( T 

-T \ 

1+ m 

a 

1 ' 

V ' K 0 

+ *J 


Where 

/ : mis current (kA) 

A mm 2 : conductor cross section (min 2 ) 

Akcmii '■ conductor cross section (kcmil) 

T m : maximum allowable temperanire (°C) 

T a : ambient temperature (°C) 

a r : thermal coefficient of resistivity at reference temperature T r (1/ °C) 

p r : resistivity of the ground conductor at reference temperature T r (pQ-cm) 

t c : duration of current (s) 

K 0 : equals 1/ a 0 or (1/ a r )- T r (°C) 

TCAP : thermal capacity per unit volume (J /cm 2 ■ °C) 


4“ 15 (Jj-laJI ^ ojj 4.gjU.dl 

For example, commercial hard-drawn copper has material constants: 

j^T m = 1084 -C • 

a r = 0.00381 ? C 1 • 

p r = 1-78 [iCi.cm • 

TCAP =3.42 Jcm ~ 3 sc 1 . • 

Tc = duration = 0.5 sec • 

K 0 = 234 • 


: L j 1 ■ >._■' 4 j' ^o- <UjL*-o ^a 4 o 1 \j 


A (mm 2 ) = 


1973 


x 


N 


76 t 


i„ 234 + T cm 
m 234 + T vrn 


j^aail ~ ■ >j > '■ llAj d C-lLao. 
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jill <joiAiA ; £j| c_jU£]| 


l2ljA J 



A (mm 2 ) = 8.832 x I GF x 


i. ( X_IaiLc jink) ^aJJ L—LL^J IEEE-665-1995 Jl L-bud^» 'SjjlVlA (_ Jx-a^Ja&A ^yajh 

^ (j-o L_JjjujJJ (JiaaJI jU ^jl ^jUjcJ ^Ic. Cy* l-lij-a CjJjI lil %60 (JiaaJI ^)Ijj 4_/u3 

J>Lk 


:A,)\^c» LjjjUlkl 

.^jLo>U 4_ijlj i IajIj .1 

4JjJ)x>q i^uaxj c2Ua (jj£j ^ ^)ljac.Vl (J^aJI .J^ g x«ajl 5)1^. .lijj CjLu-<u^aj]| ^axj .2 

5)|^ l** Uujl ^ilsU 4JLaJ) 6,iA ^jkx*a\ ^ Jx>lV^I ^A i _ 5 jJajV( 

4-2^p 200 cs^ c . UnVi (Jj Uj]j 1000 2 (Jj-aJ ^ajl 

I^A ^jV 4 _ajJoLq ^3 Cj>L^aj>i *^3^3 ^-^C- ^1 J3^3 (j-a ^£t2l <- > 121 ^ .JaAS 

. (Jj-a j^2l £_La£-Q 4_^LalXi ^JA ^)JAJju} 

2^-a 120 (jC* (Jaj V Ull6 ^hsA .3 

a U«v A\ ^ja (JUaC-Vl CjIjIjj < ^j)Ay a 4_aj3 ^Ijoc-VI (jl AjV IgF ^>^ai21 jIjl2 4_i 1£JI 4^uall .4 

.(JlaaJI ^)1jj 4_xu3 £9jj ^IlSI 4_2jALab<2l CjI*_uj jli] (jLal 4_i>aij L_aljJaJ^ . j 
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^djOa^oil ^3 A xalViV 1^) uoC- (jjj^Ludll (Jx^>q\i — Clilliill x_jLa]I 

Table 15-4 c^L^d! £ ljd 

Table 3-Material Constants 


Description 

Material 

Conductivity 

c%) 

a r factor at 

20°C 

(1/°C ) 

K 0 at 

0°C 

(0°C) 

Fusing 3 

temperature 

T m (°C) 

Pr 20°C 

(pQ-cm) 

TCAP 

thermal 

capacity 

[J/(cm 3o C)] 

Copper, 

annealed soft- 

drawn 

100.0 

0.00393 

234 

1083 

1.72 

3.42 

Copper, 

commercial 

hard-drawn 

97.0 

0.00381 

242 

1084 

1.78 

3.42 

Copper-clad 

steel wire 

40.0 

0.00378 

245 

1084 

4.40 

3.85 

Copper-clad 
steel wire 

30.0 

0.00378 

245 

1084 

5.86 

3.85 

Copper-clad 
steel rod b 

20.0 

0.00378 

245 

1084 

8.62 

3.85 

Aluminum. 

EC grade 

64.0 

0.00403 

228 

657 

2.86 

2.56 

Aluminum. 
5005 alloy 

53.5 

0.00353 

263 

652 

3.22 

2.60 

Aluminum. 
6201 alloy 

52.5 

0.00347 

2268 

654 

3.28 

2.60 

Aluminum- 
clad steel 
wire 

20.3 

0.00360 

258 

657 

8.48 

3.58 

Steel-1020 

10.8 

0.00160 

605 

1510 

15.90 

3.28 

Stainless-clad 
steel rod c 

9.8 

0.00160 

605 

1400 

17.50 

4.44 

Zinc-coated 
steel rod 

8.6 

0.00320 

293 

419 

20.10 

3.93 

Stainless 
steel, 304 

2.4 

0.00130 

749 

1400 

72.00 

4.03 


a From ASTM standards. 

b Copper-clad steel rods based on 0.254 nun (0.010 
c Stainless-clad steel rod based on 0.508 nun (0.020 


in) copper thickness. 

in) No. 304 stainless steel thickness over No. 1020 steel 
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A+JJ+SlI j$\\ <LulAiA ; £j| j]| 


^ s^V^vW ^ _ a\ ^.Lq' • N j »s*s\ ; cjVjui^ • <Xa,/ jA n * V^nA 15.4.5 

Ag > 3 -0 Sj^lak <A1 Ua (Jv^ (^joj S^jIaII (J^j\ (_)Ja*AI j^n A^J V LaAjc. 

c+ cJL (J.O'S Art 3I C5 ^*^ ^Aa^ Ground Potential Rises GPR ^.audj (JAa*AI 4^ (jiajVI 
a^^AI 3^2 ^ Stop Voltage 4 _lgA 2 3 ^ a^AI 3^3 4>jv^ La! 4 jj^^ Ladj*_^ 33 ^ &Aa 

.Touch Volt ^jVi 3^5 4jouA (_£a 1 ! ^^jAx^A! ^jotssJI 3 ^ 

GPR hjV JtAljj t (jAajVI ^ Ijuju (JiaaJ! jLj AjAjjj ^aLuoS 4_+jol_La (jAaJjlj 4 ^Jjoi LjA] 3 ^ !Ali 
^Ac. SjAlii 4iLuIi ^Ac. "i 3I +Aj 3 ^ ^juoIjuoVI k_9A^A! ^A 4_^AiLA! ^3 Ijj^A La^ !aAj l^aJajoa ^Ac. 

AjA^A! &AA ^J 3 V9! > ^ 3! AjV 3IS lAA 3 -oj .aAoi^AIj 4 _LaV! AjAsA! 3^jJa A^S^la^AI A^^ 3 *-+ 

.4^+iAI ^^Ac. j^Aaj 3 ^ 3^aj ^^aII GPR I^AjIaj 4_LaVl 

c_fi3 jjjj ^a^jaAl 3J9 cs^ <—*3 jA 3’ A-i^vVj (JjaaIII A^_^j S^Ia^JI A^_aJ 4_nj^ijj ^j 3 ^^Aaxj 4_AtA! CjVaI*_xA!j 
3 j^j 3 I 4_kaA! LAoj! Jsl^V . ^4jIs^]! 5^-i.lj 4Aj^a 2 (_)j 3 (JAa*Al S-LLj 5 Aa j A\“\ Li x nil 4A±la]!^ 4_JJJ^I LS^" 

.Ajg'sll fiAA J-A&A 4 _j 31£J! 4_2kj3lj 4 ju+oj 4jt3^1! 4 _a jiALa 


50kg person 




(1000 + 1.5(7,^) 


0.116 

n/fT 


70kg person: 


'’totic^TO 


(1000 + 1.5(7,p s ) 


0.157 

\/tJ 


50kg person: 


'step, BO 


— (1000 + 6(7 sps') 


0.116 

v^l 


70kg person: 


y s Sep, 70 


= (1000 + 6 C,p.) 


0.157 

vC 


Where ^touch is the touch voltage limit (V) 
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djOa^oll ^3 Sac-LuiaII a ^— clilliill ^121 


step is the step voltage limit (V) 

Cs is the surface layer derating factor (as calculated in Step 2) 
P 3 is the soil resistivity (Q.m) 

^3 is the maximum fault clearing time (s) 



* A.^a^^kAA 


:^At2l 'W ^Ac. l^btaS ^ ^JLiLoA! CS^ 5\jla\\ 

Estep = (.E b + 2 x R f ) x I B 
Erouch — (R B + "=■ 2) X I B 


.(jLoijVl A_a jULa] AjJoj^Aa A_aj3 (JAaj AjjjLoAl CjV aI* *_a]| ^^3 1000 ^3^)j 

RF lAlj cjAc. (jtiL^ajA Rpoot (Jilaal ^bA^ULAI Touch volt 31 aJL^. Ja^V 
^ US 2 cjjjjaj lAlj ^gAc. Stop Volt J) aA ^ Umj t 2 ^gAc. 


V-^AjuO 3 JukijAo jViI^\ 3 ^_ cjVjui^ • A.juia\.S\\ 15.4.6 


, &Aa J!)Lk (J t*»* ^ ^)l_p j ^ j a A_^_nj ^USI ^Aajuj ^Ac> c 2 "A.j 

^ ai* cjbjjiSlJ 53 ^ ^ ajjSaH a Su ^'I aJU ^ Jjasl ojSjs Surface Potential Distribution 

^ tit li ^Jc, Lujjj ^Al) 3^-aJI Aaj 3 (jjSj ^aSjjuAI ajAsVI CjbjjjSWI aJL^. . bjuJj Aj^^a!! CjbjjjSlVI 

. 1 . 1 ^. jjj» >.o (JAaatAI ^)Ijj jj ja 4_^_nj ^jJajjAll ^ajua^AI ^ja AjjjaII AaJoIa]! ^3 Uj" ^~*° *' | 

CjIxjja (JSjoi ^ AaA 3| Cj>b^a^A ^jc. SjLiC- ^jiajjtj aSjjui ^3-v" v .A Llj] CjUa^A ^3 L< 2 b A^Jjui I Alj 

^AjJall (JjJa (Jj^aJ IaIaj i JJa 6 — 3 (JAJ ^AjJa (JjAaJ 

jjJajJj . JJA 20 Jj 10 (j-a a3j2! Cj11v\ a ^paJjb ^3 

A_aj3 *j>»1oA M aJo^aII AjjJajI (JjLuA aSjjoAI £>A& 

JaaV -13 15 (JSjoJI ^3 IaS (JjjaII) S^iaaJ) > 

AjjJajVI ^ titti (.- a-n." AjAsI Aj^33a CJvb^a jaII cAa (_]S ^j\ 

AalAj 2 UC> IaJ Ajjuojj CjbJjlSlJ l^A < OJ 1 >. n n IjjjAj jjaj 

IaS ^JalAl]! JalAj A3 IS Aic. (JSjuAI ^ a ^Ac. ( xJalAi]l 

• c£)^ 


50m 


90m 

Figure 15-13 
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jill <joiAiA ; £j| c_jU£]| 


<A.^.i .£* 2l*^\jL* cjVjui^ • 2s. jj^ \ £<- -_-- \ 15.4.7 

c_ Un*s** l i A^jLoJI ^3 L^-ajujj JajVl 4 ^Jjoi ^LqjULq 



fi 3 = p 


l 

— + 


l + 


L t V2TL4 \ 1 + h^2Q/A) \ 


Rn ■ 


Where 3 is the earthing grid resistance with respect to remote earth (Q) 
P is the soil resistivity (Q.m) 

^Tis the total length of buried conductors (m) 

-1 is the total area occupied by the earthing grid (m 2 ) 

dj^L^aj-oll 4_a.Luixi 

h is the depth of the earthing grid (m) 


I < _fi3 jjj ^LojULall 4 _xu3 L^_Lq ^_daJJj 

^AJLiLoAl S^iaaJlj d_)ljuj-<AI 4 ^Jjoi *La,^Vnti<a\l 4jfl3Vi dJvL^aj^AI (JljAal ^ALaaA — 1 

^aajLoJI AjjuoI^I — 2 

cja^l C 3^ -3 

4^Jjolj SUai-xAl 4a.LaixAI — 4 
^ 1 — S^Saaj 4_AC^j]| ^LojULAI — 5 

4 laftj 4 _ajULAI ^A (Jj (_) ^S-lxAl 4 _ia^ 4_a jULa d unjl ^LgjULAI 6-1^3 Lo£j 

.(_PajVl j£>* 
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^3 s^c-LloaII 4 ^j ^jjac. (jjj^LoJI — <22121 ^121 


(j^aAjVlW j.xi jVii ( <s -^-^\ 4 .aa£ l_Ajui^. : AaAju&\\ 15.4.8 


21 ^Lp ^ <jl (Jj^aV |_5 • Short Circuit 21 cjLLaia. j)A 4 _ 2 c> l)*• ^ (jl j^Aj 2^*^ ^Lp ^x*a 3 l 3^3 

4_2121 aJjLjlaII j)A L_LudajJ 3-phase short circuit current 


h,= 


1-1 ■ u„ 

V'3-l Z,| 


(jj luua Single phase Jl JIa& U 


4.= 


V3 - u ■ U n 
Z* 2 ~\~ Z* -y ~\~ Z q j 


3 I 


k3 


1 + 


Z o/ Z l 


: Df 4 _AjoUJ S^Lj ^1 t Sf 4_jjaiij j)l x^aftj 4J 2 Q\i j)l (JlaaJl ^)Lp jjL 1 a\c« 

(JIaVI s^Lj] 4a.lj ^ja (J 3 I (jj£jjoi £_2a]L 4 jaj 3^ Surface factor, Sf ^ajaj 1 a 4 >jVi n (jl ^j^ajs 

(jl (j^AJ (_)j 2aA3 ^jJajVl 4^Jjoi (Jjia. j)A VI (j^Aj ^)l_p]| (jl <22,4 j 4x-sa&jj 6 ^.lal^ (j^LaiJ fi^lpcJ ^j£>,aj 
I c^j jmj Sf = 1 4^<u3 (jl 2aa.V .^^jJajVl 4 ^Jjoi (Jjia. ^Ullj >1 aa CjjLlill 4 j2c 1 (JjLk 44 a 2>a. 

.Cj|jjJj£iVl 44C« AjjJjoj C-ua> 42£21 L-lLaia. (j£l jIaVI (j-G 

4 lifl*i Aac. 44aa 3 ^\xroV 1 (JiaxSI ^)l_p3 . 6 j,^^a 1 4£^aj 4jjjla^ ClajtJI ^jLp £_jjj 5^3 (jjjj 14 15 (j^jollj 
j)A (Jia*Jl Ia^J (_£Ajla]| (Jj)*\ a!1 ^ (JaI* 2I 4 lag'll £_aj ^)l_p]| lAA (j£l i ^ajaI 2720 CaaI^ (JlaaJI 

^jJajVl 2aa. (Jjj^la (jc- Ajjuj ^AaJJj ^jLplI (jA sja, cjjjaj 2 U'v (J^ (jAaJjb (Jjla (JjVl (jj^iall * 

IaI Cable Sheath 21 (JjLa a^ju 43 ^1^ ^jjaI 875 4x- ja^_a ^)Li2! 12^3 ^l^VI ^ 33 ^ .^aaII 
CjLLaia. ^3 (Ja-Jj V lilj t GPR ^ \Htfn V jlnll 12 Aj .^4jjJajl CjjLjlS ^ac. <Ja 21 j)l£ 

. S^laaJl ^jaaIII 

^jaJjt21 4 ^Jjui ^11 j)AJ S^joiLia ^iajVl (JV-a. j)A (jl^ (J^***^ ^^ 3 ] ^jljll ^J^la]!^ • 

^jaJl • 14 15 (J^ k " 11 IaS ^ff^l 1121 Lg$lojJ <^jaJl 12^3 (Jjlsil21 4 l~i8\\ I^aaj 4 aIIj 

GPR 1 -LaiaJ lilj .^jiajVl 4_aj3 jij ^3 LjJJjujIaII 4jV Ua^j (^211 

GPR = l G R g 

.jU jljj fjA iia <3^1^ cJ^y Ig 
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magnetic coupling J a^j±, jLj]| <> <j! ^JUal ^Ua < j^VI ^ 

a^iuJIi o-aUJI Time Constant l^ua cJajs DC component j>a.j JLuaJ l*s>j 

Df Decrement factor AiL^VI <iuu L^acj .-^uluta. i_uj2j 13 a j JiuJI <jl£«j 

Aullall cIjV jIjlaII ^4 

Ig = I 3 D f 


/ T / ~ 2l i 

D f - J 1 + — ( 1 - e^r 


V 


) 


T 4 =^r. 


A r 1 


/? 2tt/ 


t f: 


' ,r is the duration of the fault (s) 
?A is the dc time offset constant 


t-j ■ ■'y U Df — 1.25 ' jlijd 
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(CjIa\I ^3 S 3 c.Lusa]| ^)juoC> (jjj^Ludll — dJljll x_jLa]I 

dJzxiJjA CjVjUL^, • A-LaV l\\ N^V^N-W 15.4.9 

(_)iaC' Cjj3^ 4_20JJ 4^Jjui ^Ac. 3^_aAI ^3 IajjVI 4_aj 3 L-buaaJ S^Lx^JI &3A ^3 

GPP = I g R 9 

Where ( tPR js the maximum ground potential rise (V) 

1g is the maximum grid current found earlier in Step 7 (A) 

R 

3 is the earthing grid resistance found earlier in Step 6 (Q) 





Cjl^ixk 33 (jjSLjj ^x«a ^uaj^xiII ^jl 3 j£Ia]Ij 13^3 GPR < V s t e p-4 dulS (AJ # 

AlAj^ajll 

LZ. 

^_^3 tllaLa. 33j 1 ajUm ^JAj^ajll GPR ^ V s t e p -4 <»—IAI • 

^j3ax j ^3 L-LoiaJ 33 lAlj . 4_Atl]l S^JaaJ) ^3 l^-ixjxa.3xa ^jjjaWIj S^laaJI ^3^aJ ^ j\j 1 ^cT\W 

3^Jj IA&j ^aJ-<u-ajli ^ IjJjoi UjI ^Cj ^jajoiaII <ja (J 3 I 1^31 l_i^ jaII CjVI^AI 

.^aJAj^ajll Uaa. S^jjJalL ( ^3*J V GPR _SI (jl fillls Ia ( ^Ac« 


^jaaA\\ ^ byizo.1* S. ^.. t A m\W : Aaju^V l\\ s^^nW 15.4.10 

. 4^11 U£j 16 ^.jVI ^gAjaiVI <_93^Jt jA 3^-aJI a3A ^ja! 43aV1 ^ja]I (J^jaVi 


(JAaIII 3^a. L-lLoia. V^l 

4 J 3 I 3 LAH ^ja l.L uaa33 ^ Mesh Voltage ^ajajj ^ ^jaaIII ^^ 4^3 IaIs 

p 5 A m A 


£ m = 


J M 


Where 

the surface soil resistivity (Q.m) P s 
the maximum grid current (A) 
the geometric spacing factor ^m. 
the irregularity factor 
the effective buried length of the grid 
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jill <joiAiA ; £j| c_jU£]| 



E„ = 


S^ia^JI ^ ^ L—iLud^ UjIj 
; Sjjlvslj .Ig'v 4_xu3 ^Jaxj Aultjll 4 JjjL*_a]I 

p s K s KiI a 

Lv 


Where is the soil resistivity (Q.m) 


1G is the maximum grid current (A) 

^ s is the geometric spacing factor 

^ i is the irregularity factor (as derived above in the mesh voltage calculation) 
is the effective buried length of the grid 


(jflJ (jj-aC.J JiaaJi jLj 4_xu3 J! 4i\jJaVL IAjUjc-I ^ ikb liA CjULoi^JIj 

Ljajjj t Uial C_1^J 4_jdlvL-aj-21 CjL1 

. &1& ^j-a £-2 ^a11 j 

(_g5Juj <^Llc. Loj 4 CjLLoi^J) &1a juAhI 4-JliLa jiiau ETAP J! <jLa s^aL^JI aJsl^vLq ^ 

. <^L^JjaJ 4_JjajlLaH CjUUJ) C £5^)2) 6,iA ^ <La,I^JjubaIl Cjlj^Lall 


dAij\.ikia\ • bj. jujVa\\ b^.\^rk\\ 15.4.11 

(JaaIII 'n-j S^Jaall 4_LaV i 11 a Ja JlStij ^jl la£3 ^Ajj 4jI^_ 2 liL-aj 

* ^ j«v x ^ ^aJ ]\i IjLUllI (jUajjuJl JjA^J llli .V (c** 1 

E s E S £ € p * 

l vlLa l^_La CjyLj,)»Ml (J^aAJ (_|aC- £a ^xiAx-a2l Jjju Vij 
.^JoAa]! 4_^.LaiA S2jj C_lL4 _a jULa (JdlflJ — 1 

Current Limiter J! A .wu« \ : Jja*]! jLp J2& -2 

4_ajUL2I 3 

4_3jj]| ^JajuaS 4 jC«^2I 4_ajUL2I 4 
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4 j ,'r- (J ■ —— ■ J * ill Ml i 


jLJI 


EXAMPLE 

: ljIjJqxaII 


J^ia jl* 90J ^uajC- j!Lq 50 A^LauJI — 1 

^ja+qI 3*15 KA jlp _ 2 
0*5 S6C (JiaaJi (Jj^aS (j-oj _ 3 
0*15 S6C 4_xiAj^a]\j (j-oj — 4 

4j^1a 40 _ 5 

300 Q.m 4 jc^]| 4-qjIaaII — 6 
^joj 10 c4xuun 3000 Q.m 4_iaJajaJI As\b\\ 4jc^a]I jULJI — 7 

JaJI 

AjpU 4-iC^lll *LajUu2t ljLuuIjS SjJa^JI 

300 Q.m. AjjjII 4jc^i]| *Lg^Iaa 1I (jla Cjl+lajL-all Ifl^ 3 • 


Surface Layer Derating Factor ljIua : 

^juj 10 xu in 3000 Q.m 4\*\ lnuill As jIaxJI ^j! AaJ CjIjIi* a\\ tfljln • 

OS +jl aJjIjog ^3 ^Jojuj AJLlI 3 i^Ixuuij AjjjII ^Jajuoj A-xjULill j £>-1 ^j 

:+VI <j+- J^a-j 

0.09 (l - ■£) 


c, = i - 


2h s + 0.09 


a = i - 


0.09 


( 1 £) 


= 1 - 


2h s + 0.09 

°-<® (i - *&) 


2 x 0.1 + 0.09 
= 0.7207 
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jlaiLa 4- ^ Lma uluia. : AjJUJI Sylaalt 



f e 

■ a r-Pr 

■10 4 

7C4P 

1 In- 

T 

_ y ^ 

1+ " 

J a 

1 

v, ^0 

+r.J 




0,5-0,00381-1,78-10 4 


.4 = 31,5- 


3,42 


In- 1 + 


1084-40 
242 + 40 


= 80.4 mm 2 


• T m = 1084 -C J“ajJI <a.jJ 

• a r = 0.00381 5 C 1 

• pr = 1.78 [iCl.cm 

• TCAP = 3.42 Jcm^-C' 1 . 

• Tc = duration = 0.5 sec 

• K 0 = 242 

• Ta = 40 


; ^Aj ' )aJ• •'y j<J 2 l^ajl 4_nj^j ^A do 


A (mm 2 ) = „^L x 
v 7 1973 


76 t 


! 11 234 + T cm 
Ln 234 + T sm 


y * 1 ' sm 

120 UaLii^Jj “^1 a 100 L—buJ 


llloll l^oll jl 1^_1 aj 
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b^C.\ >a^all 4 ^, 'r- (J ■ —— ClllUll C—lLJI 


70kg person: 

Etonchja — (1000 + 1.5C s p s ) 


(j^balll 14 ajJaiJt 1^, fjt&l AxaVt JjJaJI i_iLua ojh* ^ 

0.157 


vC 


70kg person: 


Estep.70 — (1000 + QCgps') 


0.157 

7 T 


Cs is the surface layer derating factor (as calculated in Step 2) = 0.7207 
P s is the surface soil resistivity (Q.m) 3000 ^4"^“ 
is the maximum shock time (s) = 0.150 s <>j 


0 "J_5 7^ 

Etouchja — (1000 + 1.5C s p s ) —j= 
- (1000 + 1.5 X 0.7207 X 3, 000) 


0.157 


>/0.15 


v = 1, 720.04 


Estep ,70 — (1000 ■+■ 0C 3 p 5 ) 


0.157 

7T 


= (1000 + 6 X 0.7207 X 3,000) 


0.157 

v / 035 


v = 5,664.03 
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jill <joiAiA ; £j| c_jU£]| 


I^jlusj 4-Ljia jUlklj CjI JjjoSJVl ljLuo^ : 4-uu-at^J) Sj^a^l 

^BAac-I V c_aj)gx^o 6) 4 ^jjoi Ljja] (Jj)5j*^ 90x50 Ljja] 

4jjJajVl ^-lajoj Cj^j 4jflal 4_jCJvL^aj^2l • 

(JlluJ) )A& ^ ^auuj 60 LS^ 

Aic. 3 (JjJaJ^ Ajjuojj I 4 ! C jjjJajjuj # 

l&JsACj ^_2vjlaJl (J^judll 3a ^ ^ic. 4*3^31 ^_Lal5j]| Jalij 

. 4 laftj 22 L^LojJ IjA 

4j31j 3I S^la^JI £ja ^aJLa 120 ^a 3) ^JaiLa • 



50m 


Rg=P 


^-uajVl A^ua A^ajULa ljLuo^ : 4-ujJLuJ) 


+ ^=U + 


L r V2IL4 \ 1 + h^20/A 


P = 300 (Q.m) <>- 

Lt = 90x6 ^ji^a+ 50x7 + 22x3 -ijJ&i! = 956 (m) 

h = 0.6 (m) 

A = 50 x 90 = 4500 m 2 

= 300 — + 1 ( 1 +- ] 

956 y 20 x 4, 500 \ 1 + 0 . 6 y 20/4, 500 

= 2.27530 
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(CjIa\) ^3 S^c-LloaII 4 ^j (jjj^Ludll — ClilUill lAA\ 

(jiajjUil ASjjiu jaj jlp ^-ua3l 4 aj3 ljLua : 4juLuJ| SjIa^JI 

division ) 40. V$ ^ 4^1*1 (J>tO jLj o' (Jj£ L tjA (_pajjalt.il 

4jjlj ^IL. 150 llilui lij^i La£ (J11 (j-ojj l)^*" Cjji^ iic. 15 X/R Ijiapj | factor is 1 

Decrement Factor, D f Jl l-iL^ JjUi^j 

A r 1 


T a = 


15 x 


R 2tt/ 
1 


2tt50 
= 0.04774 


The decrement factor is then: 


Df — i /1 + 


-21 , 




1 - e t„ 


/ U.04774 / -2xo.i5 \ 

— \j 1 -i- —— 77 — (1 — e o.oitti \ 


V 


0.15 

= 1.1479 


I q 4_aj 3 (ju^i 4_Loj 


Ig = l g D f = 3.15 x 1.14 = 3.559 kA 


Df— 1.25 -^34 


GPR Ji\ A£jA ^gk ^UjjVI ljIua : 41*1111 SjIaUI 

GPR = I g R 3 
= 3,559 x 2.2753 
v =8,097 

Ijji 1-1^3 ^3 (JaaIII yj) Ag 'si 4_LoVi ^JaII CjjjL^j A^uaII 63A (jl Loj 

^lAj^aall S3lc«l £a -vj ^jaaIII 'n! 4j\jt^> o"\1 C-jLol^J 
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jill <joiAiA ; £j| c_jU£]| 

QjjSjS^ (JjxaIH SjJa^Jt J^21 4-iLu^Jt : AjlujUII Sjla^t 

Ifc. LjtuiA, Vjl 

(JjLjl) C_Jj)tn*s 21 A^_2k. jl ■ Wjjoi (JIj 2I 12k ^^9 ^al3jVl (JjoAJ (JL^.2jj ETAP _JI J.W‘n.2 

S^la^JI 6,2k J^L^J 2i ^xixu^a2l (jl I2kj Cjllj3 1720 IgJ ^j-djai2l 4_xUft]| (jl U^ ^5^ <*—4^ 1661 

.^•Laaj 



SjIaaJI ±$*. ljIuia. UIj 

723 (j^Luij l_jjjoi^a]| s^la^JI (jl ■ wjjai (J122I 12k (Jjoaj ETAP 21 

.^L^Ju Ljajl S^SaaJI &2k j^L^J 4 j 1 (_5-^ ^2kJ 728 ^A 4 j ^.xluixJI ^aJl Lmj 


ljUjU-21 S^uiUJI Sjla^ll 

jmj 4 jjuj^)]|j 4_2a^l CJvLx^aj-21 2.^C«V1 &2k ^Ia^JjujL ^xixu^a2l <jl 4j\ji>.ofl*ill CjULmaJI ^jJaj (jVl 

.liJ, UK jVI 


:*LatA Aiaj^U 


c ^ ( a J Jk ^2 4>2kjjj 2u^2 4 Jl^l L-jlx^aJ £j\ JLlJ i2l_lA ^J v ^* a (_]£1_aA I^j ^jjo2 ^21 CjUL2I ^3 

4^Jjui (Jjlflj (^3jj 12kj JaflS 4 j ^LqjAVI ^ U^li 6 ^a, ^3 Ja£9 (j^£jjaj 4_lKul21 (j^ 

. jUjC-Vi ^ 4i2j21 &2k Cj 22 !i! ^jiaJjl21 ^ a a^"u,^1I 
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A ^)joiC> (Jj^IjoiII — Cllll!i]| L_iLa]| 



^LaiVI CjI^laIU IIjj j UaUijl Jaij jj j 6 Auxiliary System 


. alj^aJ A ^IViV 1 cilliA 

; (JlLd A ]-v\ ^\1 j 


DC Supply. -SI (j-o ^1 AC Supply -SSj a la^.^Sl cjI^C'Loia aja*j a_^jJ^Lq .1 

.a_ijj4£1I ^jaII cj^^j a_ij^£SI jjIjJI AjLa^j ^jaj : <jjAjaS]j AjIa^JI .2 

^jc. Lai A_ij^£JI CjIa*_aSIj 5^-^.VI (Jj» >Tij ^XaaSLj ^ajAJ ( ^ill * CjVI ks*\)£\ CjIA x-x>J ^XnMI CjLs^ .3 
(jp* L^-L^.1 J SjjuoLia ^1 A_Lx^o]| ^3 dlL/L^ajV I Cj|.lx-a aIa^JjujIj X^ML, A_i3lj^a]| 

. c^ISaj laXa (jjfL) 


.Aj3J!1]|j *1j^)Jl 1S|3 t ^LllaVlj A^XJI Cj|A*-aj (j^a^Ji]| S^_^.l .4 

.^jILjVIj S^LaiLH CjLa^S j (JUaC>VI cJjT^ kn " J A_i3^Sil AiiUall Cj|j|^C> .5 













jWo^Vi ^juA*i\ 


a^i ulJUfcL^ 4J-UJ 


i Auxiliaries cjI^c^LuxaII av \*~\\ 


:AC SYSTEM ...Jl (9 Um <y^Jll6.1 

^ Ajk-IJI JUa.Vl liUjj (Auxiliary Transformer + Distribution Board) (jc. S^Lc. 

.^41 compressors cjl^uJa.ali^ - j ^ L^ all s&Lca) JLo ^ L^ all 

Main _3i i^^xA 380 volt ^Jl llkV y?•^ ^ 41 j 

jiaJ ijiijj Ujjoj fJ 2j ^pll Distribution Board 


:sjIc. oj^j AC Auxiliary System Jl ^Iku Igjjiij fz ^pll 

Protection Panels oUjl -l 

GIS Control Panels »<^-.u oUjl -2 

Buildings Power Distribution Boards cjUj! -3 

Building HVAC Distribution Board ^Uaj -4 

Building HVAC Lighting Board s*UaVI gjji oUjl -5 

MV Switchgear -6 
UPS AC Loads -7 

CjL^_Ca>ail j frlalaj ^aUaj ~3 
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d^CrLoiAll A ^)joiC> (JjoALoi]| — Cllll!i]| L_llj]| 


DC SYSTEM ...Jl ^Ufed <uj**Jll6.2 

. (Chargers + Batteries) <jc. s,Lc. yt,j 


y^xj ^_2 <j^ld) 4 j, >> \1 CjLjlkJI l ~ il r.j ^ l^j ' ~j c CjUjUajll A3^)C- C'j^~ ^ ka ^ ~j 

48) cjVL^jVI i^usCj (oJ^3 110 / 220) a^*j a^^jjoiaII (cjUa^-41 

.(cJji 


CAjjUaJ) (_5^ c ' l£>^J • 1 —16 ^ L-a^aJnJJ C_U^. 4_x^al_k 4i^C- ^ CjLjUaJ) j 

.(JjLoj ^ ^ J 4-ilaJ.^]| *LqjULa1I ^jjjIj3 I^-Lq 4 -ijjp CjIjIjlI^I 



Figure 16-1 Batteries 


4 £~ ja ~\ a (_j^ 2 l2wjj CjLLx^o]) |^uajLJ ^3 ^ 4 SCi^ij Ai^C. ^3 CjLjjUaJI ^j-o'V 2 l2wjj CjUa^ol) ^jiaxj ^3j 

i^jaj ^ V j 4 Battery Charger c>!>^ ^ ■<aiiLa A3 j£. jnt/rs'i U£ c 4 \). s - i 8 \a Ail^c. ^3 oLjlk, 

.Cjlj^Ua4l 4 -\jl a 11 cjljUJli jjljj V cjLjLkJI Ai^c. xy 


• ^ 220V DC .Ig-yi 'g~ij'~l)>~i JLaa.V[j 

Emergency Lighting i$j\jlal\ SjLl .a 
Cables Protection Panels oSUHl U^. oUjl .b 
Transformer Protection Panels ajL^ cjUj! .c 
Bus Coupler Protection Panels ^j>4l jO.;-* Jajj; aJu*. cjUj] -d 
Bus bar Protection Panels ajL^ cjUj! .e 





£jl j\\ CjUl 



Remote Control Panels AxJ (jf* .f 

Incoming Protection Panels J^aII 4jU^ cjUj] .g 
Outgoing Protection Panels ^j±l\ aA^ oUjl .h 

11 KV Switchgear .i 


I4aIa 4_la \j^Aa 

jUII j ^aLujaII ^)Ln]lj (Jaju 4_jIa j ^ja CjLLx^a]! <JaJa SA^jaII ^ja AjA*JI 

l_l^j iAHaI Ija]| Aa^II jlnll j2u-^a CjLjjUaJI (j4_ij^£j| 4 ^jjAiII (jc. 4 a \\ (Jjc. Ale-j 4 AAjjaII 

(jj£j (jl ^Ijoc-VI ^ A^Jj IajIaS c 4 aIViVI aAA 4 jaAVj . l^jU^vLx^a ^ja A^IjII CjUjUaJI 4A\jj^aJ ^Ia^V^ 

. 4_L-^!Lq CjIC'Luj S J& V SAaI 4 lv\ a!) (_}j* xTil 4 _a 31^ CjLjjUaJI Ajljuj 



(Battery Chargers) = 16 . 2.1 

J£i) cjlka-JI battery charger oUjUaJI AiJij 

:«A (2-16 

^aj>UI ^aLoiaII ^)l_n]lj 4jli^]| .J CLjIAxaII ^ja-v aIaaI — 1 

. l^ljjuAul 
. CjUjUaJI ~ 2 

(_^a*j 4 _^] l )^3 6 (DC Panel) caL^] ^a*jj 

CjIc. j)^y a (Ja SA^Jj 4 _jAju 4il_jJaV^ 6 (JIa^VI (Ja 4-C-j) a~n a 

( DO Panel) Jl -^ 3 ^ Ia^ • cjUjUa^l 

.4Aa Ag *n (^pAui (Ja^. 4juIja1 CjIaIac- 


: elAjjVWiW t^jAo 16-2.2 

(Jj^ajj Ain) 1 qj» x a i"\i jip j (Floating) : (Jj* ^.UjI ^~a — 1 

<JaJa cijA^J ^^LklAll 4 _AaC- I^uajj*~n ^ajAJ (J^AjuJLj Jl^la 4_3jUaJ) 

.( 4jjIU! 

A^k. (jA 4_3jUa^]| a^^ (jA ^lc.1 aj^ \i -»v Cjj& (Equalizing) ^j-n. ~s\\ —2, 

4A1ji>^i 4j\aC. Aju 4_jjUaJI 4_ilc. £_jJajj Ia^ ; S^a (Jjl 4_JjUa^]| lij^Vril (_^Al*JI 

V| (high rate) \i ^>*oj V Ia^ac-j cjIc.Loj (JIaj l)^ ^ saaS 

.AjAjoJI 
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jill <joiAiA ; c_jU£]| 


?2ajVWi\\ yA.Z' 1^5 ^ £)A.j!1i\\ 16.2.3 



y a^lsl 4-^_2wj yj&y i £.121 c._C jljj|jj£JVi 4 j 3 L-U.^ i ^-jls £-lc^ (jc- ^ ^)l ^*21 (jl (j^2aJ (JjA2I J 

i!U ^ ^j_ic. IaAj i f.ln n vLqj <vl-> n 221 4 j 3 ll]^ 4 c*jjujj vLqj 4c^)juoj 4_i3 £.121 C-li^jai I II £.lc.^II 

^aJ (j-Gj 4 4 ~\j>. Sjjj^aJ C_l3 jll ^ IA^j ^jLuu^ L-^ya ^ic- 41 ^ju 2 42121 4_jjUaJli 6 4_jjUa2l 

£-^yij . 4jj2a2l Jbuaflj V juaI] jLj L_Ludjl ■VW" CAjjlkJI C_)1 ^jjoi 3 I2j O ua^3^o LaA>i^ gJaillj 4 ojj21a 

(.^tsil 211 ^ 


AAjAaxV^W 2a jV\ ai\\ Ca\jA-*3 La16.2.4 

: cjLjUaJI &4A c_jjjc. ^aI 

4_l_^12l CjLjliaJI yA jj£l 4llax2 ^ll^A • 

<Jal LS ^\J^\ Uja^ • 

l ij9 J5 jI_ 5 Ijntii jj 2 1^x>-s^ • 

^4_jjUaJ) L-flb <-^ n.;i ^ji j l^Jc. oli^All ^vLol cjj^) sulphation 41^211 4 \ ^jia^auj # 

<Uuij CjJljj 111 VI 2 Jl cN,l\l V 9 (jj'S trt^Vlj 4_Lavllkl 4^jn j 2 Aj| Jl ^_£4jj 43 (ja^jO^JI 4c«L^aJ • 

.4i^*JI ^ %14 (JC- (jj^jjO^JI 


: I^aaI S4j4c. Cjljj-o l^J (j£J 

(jl (j^AJ 4^o» ( ^Ac-l I4 Aj lj 1^3 ^ 2.4 — 2*2 — 2) Ij u*n ^Ic- CG11 21 ^1 4 j-a 2I Ag .~n • 

.54^.1^11 4jjU aJL L>LlJI y* J23 44c. Jl £-t±al lali Jlllljj 42L2I CjLjUaJI y* dl^Aj 

(Jlil 421.121 4 _ajIa2I • 

jjjfljll 221 ^y\\ CjIjj 1$j 4^jj • 

4121 (ji 60 J^\ lgl2& • 

y& U»VI 54c- ^^il 4 -C-Loj.^ n-ol 1 (j-a l^j 4-x-aLlJI CjIxjoJI ^^3 4^^jj ^^3 ^j^o^vjl • 

4x-Luj. jJJ-aV I 

4juJjj 2I S^)|^JI Cjl_2kj4 ^^3 ^IIa-o p-141 l^J • 

. J4^2! 4ill^ (JV-1. yA 4c-jl>o ^1 41Ha £.|^joj ill UL^. 43 jjl>g 4_1^jjj # 
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£j|jll ljUI! 


<ii JVW\\ L-±yj.£* 16.2.5 


: CjLjlkJ) £>5 a c_u 

cJja 1.2 l£A*jj V J23 cell Jl J il ,^>ll • 

4 u>>^l^v\l ^Ac-I 4-ik.UI 4 _-qjULo1I # 

l>^' ^ * 

. j)^»jaill 4JL2 ]jjoj j-a V (Jj)\^> a \\ 4ilj£ • 


: ^aI (j£J 

(Ja) 4-jlj^ll • 

(Jfll • 

hL2 jj£I • 


! AaJ~^\\ LlA\aX*4 ClAjjVWiW L_i^\^\\ v\o^J.jil\\ 16.2.6 

j2j 151 V>U (JjIaII IajIo'sIj I^oaI 4i^)*Jlj S^c-U^alo Cjljlc. CjLjI h\W (j^jai 4 _Aac. (j-a 

1* 4ijill ^ (jl (.-ia>j 2151 4 %14 (jc- 4i^JI ^ AHijuaj 


£jU2 45 ja 1I (_)6»|j (j-G £.|^JI ^21 ^9 Jalfljol <«—l2jJJ 5, j'N 11 4_l^ 

l^J! (^1 ) ^L^AjVI -IjJa ^-^21 (j>a (jj^J (j> c (_l6l2l-J CllxjJaj j)|^ t 4ijj2l S^UVI 

Jjllll (j* AS^ 4ij*lll ^Jjl x.o 2I SjUl AAZ- ^ljjL2l CjLubdjLaJ (Jjj^aj2l 4 j^L^JI Sjljjalll (Jj*J LqLqJ Aljj^ua 

. ^Cj|jl6 <J6J2L (Jljj ^ (J^6.2I (Jjs 4ij*llj ^-2 x.^ 21 >>Tnn 22 

(jjaLa^jU ^UL2I ^ 2 j2jjj 2I (jj£j 4jjJajVI^ 

j ^2llj (J-GJU (jl (JjJaAJ ^ ^2illj .jl -lilta £-1$^ 1*** (J-OAJ 4 Ji? W ^ 6 2a (jJa^. Sj^^Uj ^}2jJJ (jl L_L^J^ 

4jujI^ 2I ^ic. ^flllj In*jJaJ ^ Ij^3 ^jJa^aJI ^11 l_ia5j (j^lflll ^1 (J^*>^*\Uj (jjj2l ^1 4 _i*^ 2 4_}2aVI 4.12. ^9 215 

,^4_^]| 4_2kjl_k]| &UaII ^^Jaiu 4j jljj j ^Ac-jf (j1216) 4 ja 1^JI jj-o ^LiaII ^>62 

Cjj6^. 4JU 4CJjuoJ ^J^JI 4lj)^ jgj (215 J ^)121 ^JAJ (jl ^_L20 J UjJlaLA (Jj LaJjui 6> (jj^J V l_jU1I ^ 
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jill <joiAiA ; £j| pi c_jU£]| 


: cA^\W\\ 16.2.7 

4-iL&C. pjij Ip 4_i2a,L^a-a]l ^pjjAll lp^&C. ^Lqj ^j>a A^till 4 jjoj (_)^ I pJ 

• djlpa^llj A * 4 n >^\ 1 

£.Lg 4^Ljalj 4jAalitLj| Ajc> (JjLoJI L_JjjolLq S^Ljj CjljjUap 1 (JjLoJ! 1 

Jjjpa (jC- 4jv>ix>LaJl 4_2kp n'vl pJ j ^paJLa 

^ jA=y cS^' (j^jj-^' ) 4i^' u]j^» 

Sji^l ^ 

c jW*i\ Ij^Iuo t gwVi CjLjlkJ! £■ Ipl Qs-x^.h — 2 
IppVi c jar noj (j^aL-ap) £->LJ 

dA» L> 

(jjdlp i pJj-La CjhjUapI A^_2k.j 4 juoj 3 

4_ajl l~x)\\ 4jljolJ 4AjjUL<i j Ip (Jajl* 

AjAjuoII ^ \*\W CjjA^. aJL^. ^3 Cj\jjUaill (JlA jjjuoIj All Jjl_^_2k. A-IojujI^j CjhjUapI ^poA 4 




• 16.2.8 

: (JUaC-Vl aAA Jj^p (j^ (JUaC»y I (j -0 AjA*JI tilllA 


Spa p AAAjuoI (JjAj 4A^juui Jjc. jl £JjjaJI jjpiSl C5^ c . ‘ ^jpVI — 1 

. (JgC)\ a&W ^aLajj ^-IaJ 4p_x-a 4fljla (jj£j ^-Lpj .^Jj^Ia 

_j-uic. ^1 (J fc^ij (, flj* x>i jLnj 4jjUapl An 4_^.>lc. (Ja 3 Unj n>n ^_Lu]| <jl£ I jjj 

.Ip ^>lc. >li ajAjoJ) ^_Lull CjVI^ IP (JaslaI) (Jj^j LasP l^Jupj p ^^UJ) jLj 

4_±a>jA]| (j^ c P^Ia 1! (JLx^aj>U 4 >jVi c" iw 1 j 4 (jAJ j cijjA^. — 2 

. IAjjjju L_±2kj La£ ( ^5 j lili 4 1 ^ W Ai ^aJ 4_jjUa2l (JjoJu 44pLalij 


:^P! C^Aljj 4_jjUapl Ajlp) ^pjuJ) 4_^Alj 4jjUaJ) L-aIj — 3 

^1 (jV 4_3jUa2l 4£A^Jjuia]| 4j^£ S^ljj — I 

.6pkp 4 x^)joJ ^1 (JjLoJI Sj|^. 4_2kJ^ 

.^IpVl 6AA JAaj tpjj Lg-o 4_iah^All A^bl! S^Lj — L_J 

.4_3jUa2i 4_3p*j) L_9|paVI — 
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£jl j\\ CjUl 



diWi-ikVi ^UA1 a\\ 


<u* 


>ro'iO ^1 (JjxjujJj AJvLik. Jadx jjjB 6 4_lx^al] ^jAaII (_)a*JI (Jj-qj ^1 ^B ^^31 ^juoB 

! CjUa^al) ^B 4 a lVi I ^jlc^j . Ajjjjulull Alii la*. ABjjlaj 4_Lx^a]I ^jj^alac. 

. Ujjjuo AjJajxajuoj A^qjBaI) CjUa^ol) • 

j! Distribution Control Center, DCC Jl> c_aj*j ajjb^JI cjIL^JI ^ • 

. Ju^aMU AjujjAj V^j . Substation Automation System, SAS 


AjjoUJ^I ^Vill ABjC- ^ LvLiJI ^ CjIcja^ a ^ J!Lqjj 4j Baikal Ij 4_ajBa]I CjUa^JI ^ ^Vill ^UsuB 

I 3 16 lK^I L<^ 4 a\1j 


(JCjI a £ a \ SLD Inin'S a l^jlc. InJ UvLiJI (j-o A-CjjA'S a \\ • 

132 -44*) (jjjVl J4^J (<Jj^-3l ^ JUI *44^ ^4^ Ji 4 >13 1 jM!j 4-k^31 
Double ^31 (j-o a ln*s a\1 6-44 BB 31 ^Uaj <j! 1 *>ijl I 4 IA ^jjab ( ^ 3 j 3 ( ^ 5 i ^<3 

. BB 
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jill ; £j| j]| 


(j_^b ^JaJj 4 JajujjJ-all 'sll CjI a£ x> IaJ ^4 — 16 LvLiJI *Lkb]| 4x- j)A~\ .oil 

^cuj£J 1 j 4hAU c_ijjjj $Ajj! 2005 4_Loj ^ L-a]ij-oll s^j^a $La) . 1 lkV Jl ^ 4 ^, ^ ^jjojVI 





Figure 16-4 


l \, A \* Bush Button Jlj Contactors Jl ^ cAc^o^a t£UJI *La J^b ^ jjjlbJ ^ lA$ 

(JfL 4_x^alaJ! . 1 g \j* C"j \ ^ \x^-i^ ^ Cr^ Cy* C_J>bl^ JjjjL ^jc. 4 Li^^aUj 4oh-v ^\1 ^A^aUxJL 

i~iK bli ^ (JUacJ CjI '\\\a j 4_jlij S^-^Li AajLoJI F66 d6r 

^)JJ*J ^I 4j-o 1 Ss-lCal (J>Lk (j-a dli Ivi jx«V^*II l^J ^aLiJI (Jla*JI ^jJJ-a (jli La jx^VlC* (JlaC- 

(J(JjIS 4JU l^j Cjjij ^_9 jju (jl ^jiajjaij djV ^V^l 4ijju 4i^*J) £>La C nam Ua (j-aj ^4_j 

La (_£C*JJ Vj 5Jj,W<a ^J.A]| ^UaAl ILa Cjbjl^alj .^cJI 4 4_ib. (J-a^JI ^A La^ (J y*aSL& ^al (Ju^aj-a ^A (JA 5 

. C5^ l^-Ca^xJjuuS ^ 4 jjC^J) 4 ^alvAM Lai . ab^i 


4jLo^j 4_x^al_iJI 4 j!£j 1! ^xCaJ 4jJji5jll ^^Cll A3jt- ^ SJ^a^all LLLk]| jj-a 4^bll 4x.j < a^ < all 

l^Jjj^alij (j>>* jj . (J^^olb 4_j^aLiJ! 4jli^]| S^-al ^1 4iLCaVL j ^laJI A^Jl CjU^JL-a 

.4nhll ^^j]I 4_a jlaCa ^_uap~ Axj ^Jb <F)p 


kjiukiW t-AU^U ^ j\'^\ 16.2.1 

(jf~ 4_la^all ^)A-aUc. ( ^Lj 4j\i^]| ^Uajj (Jj^ajj Local Alarm Panel jbj>LS 4j\^>^ 4 _iLk ^a (j^£jj ^aj 

(J-oju 4j^Ic- jpp- S^Alia (_$\ c & ihl LaCk^j jbjbj 4_LjjCa (jbj CjIjLojL SjjJj^a ^^.Aj jbjVI ^)jlj^ ^J^)la 

. ji^Ji 
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: ^L U AJl jjj| ^UaL 4^LL1\ CA JbStjS j 


Protection Trip 
Protection Fault 
D.C Failure 
Protection Under Test 
Trip Circuit Faulty 


Ajlijl) S^-^J Jl^.1 (Jiasu 


Ajlii j (jc- jIjjILj AjAxjII 


. A ^11 ^9 ^3^ CjV^-aIIj Aj^al^Jl CjjjLaij (j-a Ailx^al 

AIlia A alll A_iL^» ^Ac. Ajj^jJall S^LaiVl ^LjaJj (JaJtJ ^aUaJ (jls CjjjLaiVl ^ja (£\ jjAna 

^)C- L5^i Cl9^]| (JjoAJ (_)liJI Al 1]^ 

. CjV U-ajV 1 ^aUaj 





jill <joiAiA ; £j| c_jU£]| 


fiZ* ?n jJ m 



(Substation Automation System) 

Cj]^J l CjI^JjoJI J%L JjAa-a (J^ClI J_frlaJJ dllljLaj CjjjJaJ (Jjj)Vlll CjUa^Q ^^3 Ajli^sV'AI ^Jaj 

^sV'ill CjL^] Jw^nM ^Ac. JLqjxj ^il\ ) 4j^j\o"\i ^Aaj 4nhll CjI A->*\ a\\ ^V'AI ^Jaj 

Juuxj ^Jaj ^1 (Cj>IjI^ (jf- 4xAl CjIxj 4Aj-a!La ContactorsPushbuttons 4_i jCj ^jjbLaj 

.Substation Automation Systems (SAS) Jl> ^kAi ls ^j .4jj^A! cjVL^jVI ^ 

^sijjaiVi ^»Uajj 4 Av\ xA) JaJjJj (_)j 4 4_k^all CjI xl £a £-Lcl^J Aj\3j}\j c_ SAS Al (Jj-C 

.Supervisory Control and Data Acquisition System (SCADA) 

CjUUjljj Cj(jLoiV)j CjIjIAjV jj 4_iA^)ll 4jlijl] Sj^yi £J^y Jajj ^aJJ (_jj 6 Ja£3 ^Ac> SAS Al j jp ^)jL-aJflJ Vj 

A^jL- C^.1 J 4 , ^\\ i * u nij-v \1 bj£y.\ J%L t^jS C \\ 4 Av\ xAl 4^xi (JfLi 4jL-sal_^JI 

l^jUlfLa]^ 5jj)x^a]l ajlA (jjls) (Jj^^CII Cjlia^a (_£C^Aj 4^}C. 5jj) ^jjjj 5 — 16 cJ^cAlj - ~^CA1 

(^jLuAi C5^ s^yi 



Figure 16-5 cAla^-Cl ^ 4ijc. 


.SAS A! ^»UslA ^l*A) (_]£j^JI C—fljUa 99 Cjl"\ilinoxA' (Jjj. i^yA ^jIlJ LtuBj 
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£jl j\\ 9_jUI 


SAS _\hA _\b3 16 . 2.2 

I'LJtjJI ^jlc. (6-16 (Jiui) SAS Jl ^»Uaj (J <Tl I~1_1 

Bay Control Intelligent Electronic j ^^^41 ji jc. <J£j ^UJI jl^. 4- 

.Device (IED) 

Bay Protection Intelligent Electronic Device j jj j& J£i oaUJI 4- 

. jAi*U SAa.j cjU^JI Software Electrical Interlocking ^Ikj 4- 

Human _J ^uujLj 4iI jjx-g ^Aj 4 4 _uj^£JI CjLo^]| 4 ^11 Sj^sS 4- 

.Machine Interface (HMI) 

Engineering Workstation j Operator’s Workstation (OWS) Jl HMI Jl 534 J ^aSj 4- 

.(EWS) 

Redundant Local Area Network UUj (jiiL-aiw (Ethernet) oYl^jl j<<* 

Ethernet Switches, Routers, Gateways, Optical-Fiber <> LAN Jl .(LAN) 

.Cables, and Modems 

. cjlaJ j (_>^>*JI oLiLi ^ cjlaullall (JLa Terminal devices S 34 J 4- 

(>j j -C-v-'ij AjtajJI sj$J\ Global Positioning System (GPS) (>l>j ^Ikj >4- 

ol.ia.Vl iJS L 'ir Sequential Event Recorder (SER) ^yuMI i** iwVl ^aUaj 4 J- 

a,4A 4^Lila 5)4^1 (j-a l£' lU^- S^jI^ (^1 ( 3 ^ ^5 (Jxa Cj (jjLoiVjj 

. 4 x> oUjILJc 

3 ) 4 ^.! J (Jiac. ojoa. Jlo 4 ^uj| cjljliiVI Jja-uul Annunciation oljliiyi Jir-' 4- 

. Ml U.r .1 Cj^.la. ^1 I ^ ic. A J ladll V" UaiLI ^1 4 jliJI 

jLuil^ ^ Jja-uuj ^ jJI^ Transient Fault Recorder (TFR) JlkeVl 334^.1 4- 

0.I4J L1q"*.V1 ^jj _l II Cjjda. dxj 534a.! 9 >d 3 jdL^a]l 4 _i 4 jl OljLJ V /1 0 uajtj ^Jl AilOaVlj 

. (JL»II oL-jjvLgj cjliul 433x^1] j axj I ^ CjLLJI 
.SC AD A J\j A Ml JaJ JjLujII ^_ 1 c- SAS Jl ^ laj Ljajl (_] A~) ,"n 4— 
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Remote 

access 



Telephone 


through" 


WAN 


Entre prise 
data 

warehouse 



RLC for sequence 
control logic 


Figure 16-16-6 SAS 


.SAS Jl fUaSi f UJI Jisil 7-16 



Figure 16-7 SAS 
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£jl jll i-U\ 


. f Ali»AA^ fAU^lA ^ ^xl\\ <2 j\.La 16.2.3 


J ^jLjj^allj (Jjiuaul) i_i2l£j J 22*2^ j.2j £_ij jjjliLaj jj3j2) ^-Lo 4_j (jjj2 l laJ. * jjJ V12g 2a>l2 

.AjJulfllll CjUo^21j 4jjUL<a ^uwll CjH awaii 


^3 IjvL^. CjvIj (^jlJjJaftll Jajlj ^ — ^_£Jlx>a) C-ulS £.]jjaj 4 jjj^-^ & 4 jla ^J£j (jjf2 4 j42i 21 4_Laj*»2l ^3 

:4Ja^ll a^21 


4jlij 4_ilk — 1 

j ^Jjxjojj 4_iLk — 2 
j 4_ilk —3 


4_k^21 cjIa*^ ^ cjLj 1*2! Remote Terminal Unit RTU aAjL cjI^j s)$J l_j^j c213£ 
juaj J 4_u^jj Sjb^ RTU 2jj cjLg ji*2! t2ij 2-^bb 

contact 2^ l_i3]jjj ^xjujj 4jjojL^ 2I cj>b-aj]| ^ja ^jj ^a^jjua^ field contact_2 ajL^j 4 lii? ^ 

^3 Lo L^-Lq ^ 6 cjjjLai>U J^j! s)$2£ ^3 ^jjaj3 ^Ijji l^-i ^j & transducer 

U3j\\ 4a£a ^jj 4_j| 31 t I ED 4jt9j]| LJJjUajll ciilj (J^ i** \x a^") AQ3 4~nWll CjUa^-21 12 

Aa jla-a J L-jLoi^. 4 \*\a )j 21x21 ^)JC- Sj2i]lj 21x21 Sj42I l_Jjoi^jj jL2Ij C2j21 (JjjIj2I 4a£a (^3 Jj c^lb^sj 

U^AaLjou]! (_£.^Jj <213^ .4jiU2l 2>\ g*nnl c_jl n>n2 (Jxo (j-ajljj ^ ^ 2. j jlall 4_ijjjj .jb^b 2V>4 j (j£^2 

(Jjj^aj2l ( ^Jj^£JI ^Jal2l (Jj^aS ^ja CjIAslaI] 


4 3jt> ^jaj j 1^_1 ij JaJ^il CjvLjI^II (j-o 4_i>a^ 4_jli GIS jl AIS dulS p-jjjaj 4jj25j1) CjH awaii lS^J 

4_ij^$ SJuoq (_]£1 4jli j\\ LvLkj 4_2 ]j- 2I LvLkj LvLk (Jjj^aj2 a^Jjujj CjvLjI^I! 64Aj c 4 2\ 

.(jU2! 3j^>. ^ jl_nl! ^IajulLuJ Cj|4jLAJ 4 ^ Ujj'v ^IxjukUjujI CjIJ bL-OJ Jn^jMb L 


(Auxiliary contacts)s^LaiJ) cjL^X 2I ^Jalill ^ J^jj j.^t i V J112I 

Contacts 21 c (2 \^>^Aa ^\ (Ju-aj>i) ^Jal2l 4Jl_a. (jW^ (_>J-®vCq l^j-o LvLaJ 

i 4j 4ivLc« l^J ^21 ^jj£l^x2|j ^Jalill (Interlock) 2„ u<r °j2l ^_Lo 2„ u<r °4_ijl^oV Jaj2j£ 
Jil jj£) ji Contacts 2i ^ .4jlijll ^b^ ^j>2' i>4^' b>^ Contacts 2) ^ 

Cj 122I 2„ u<r °j2 c£bl£ jU2! CJ^j^a ^ja (Jj^aJJ c^\1^ c ^ OjUaj]| (Jj 22 4 n^sxti 2^J 2„ Uir0 J4 4 \f\ t m 

4^j2I Ci)Ij^a\ 4_3jj\2l CjliL2! (Jjj^aj2 Cj>bl^ LjojIj 4_ja]j2ij LvL^j 4jtajll b-^-^ 4^jjl2l 

.L^li2l ^ JI 


4_2k_uj jl ^22! ^jjjoi J^ Q \lj Ju^j2l 4 _Aac> ^LqjV ^2) 4ijc. ^j>a (Jj*-j 2I O uo^j Cj>Lj12 2j3 ^jj 213S 

,4la^2) 4ij£. 4ja ^2ij 2^*-^21 (J^aj 2jU 4jjik2l Cj>bl2JI 4 _ia^ jl lo^syb j . LLaSw CjjJl2 
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■LujJil ; J j]l 

l (JJJJjuJ LaLaJ (, flV'I'SJ £_jJa4 j^J]| CjUa^»xJI ^9 Lai 
£>J& Jj IJJ (jJ j La l_JI AkjL J jl SjiL* * jjoJI J LaJ a_JJI 4jliJ SJ=J ^_i^jj : V$l • 



. JV*JI JJ j4J JjjLLJL 1*1^ LLJs jjoj Cj>LI£JI (JjJa Ji *ULaJI 

JaLJI (_)^ J^VI ^Jc* <jjl _$l auxiliary contact .ic-Lo^ ^jj^vLo l)j l ^ j" • JL * 

4_jlfJI CjLLJI (Jj^ajJ tilvLoil 4_aujl J 4 j>Ij ^^^jJajVI (Jjj^aJI ( JL < }J]| 

jla ^JLaJI 6 ^A J j 5 . 1 ^ 1 ^ Sy* 4 _iaJI 4 jLJ SjJ JJ jlJlj (^ja (_£jlj Ag Jl CjV^^o (jja 


. (^.iJ&JI ^UajJL JjLLJL 1.1a. 4 JJ 5 (jJj ^_9JJUO CjXjIUI 4_Ja 


ll£> jjSjj LJJ La£ jj JJaJI A^aall Jajj AijLLa CjJJuJI qa JJ SASJI Jaj Cjll lAfl JtJLj 
JJ a^ij Iiaj . lEDs J! SjJ (_JL <-^ rX* CjLajjJjj JlipJ J c_u^. ^aoll CjLLI£ 

JlJ 4jJ)Lu£*V 1 Ajjaij Slbj JtJLj 4_lx^all (_JL ^aoll CJvLlS CjI^Jjui J Ja9 jl (JUaC-l Cjj-la. 4_JLaia.l 4J5 

.AjliJJj A^aoH 

.JajaiAxa (jj CjIJJj JVJI ^Uaj] ^-ojl (J JJI Jc- JtJI <jJI Jj 


SAS _\\ ^Viai ^Ai\\ t^Jis 16 . 2.4 


* djbj)** 1 ! jgbQ A 1 nA-v ^JJ SASJl a l la J ^9 Jl (_J^jA a juoflJJ 


OFF Mode 


- A la^ *\\ ^jLa. j)\ (_)^»l^ (j-d l^ljjai (_£^Jjoia ^1 ^>0 ^ilxSIj 4-x-aLiJI 4_ij^Sj| 4 x>ll V j 

Emergency Mode 

J (JL^JI jA 4 jIJ ^>fi*JI J SJja^JI Aj jJ l ^^all 5^_2i.l Z^jJa ^jc- ^ilaJI CjIa^q J A^aall ^jj 4j3j 

^3 4jl_u-a ji (JUaC>l CjjJl^, JJL^. ^3 ^a^ajJI JaLojl Ja^ull IJa - Av\ Jo"\l ^Jaj CjIJ CjUx^oII 

.SAS Jl ^aUaj S^-^.1 ix \ j)\ (_)£ 


Local (BCU) Mode 

Bay Control Intelligent Electronic Device Jl jja ^ jp*l\ ul^ J ^vJI ^jj Ja^l IJa Jj 

•(IED) 


Remote (Station Level) Mode 

Operator’s Workstations (OWS) Jl 1 c-Ijj-u l_uj 1^J1 oj4^.l ^aJ^La ^jc. ^)ji*Jl CjLo^-q ^C^AU ^jj 4_a3j 

OWS Jl ,> UjIa^I fu ^pll jAJ$\ (jl j£JL jj^sJI (>j .Engineering Workstations (EWS) Jl J 
Bay Control Intelligent Electronic Device Jl Jl (LAN) cjVL^jVI j*. J£is EWS Jl J 
.(Jja^jpll uJ>Lail ^J'J Jl' CjLa^all ^Jl ^aljVI ^iJlj (IED) 
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£j|jll lJJI 

Remote (Supervisory Level) Mode 

A jajl^VI ^SV*JI Cy* SCADA Jl ^UaJ Jjja CjI a£ a ^9 ^iJI ^aJJ JaAill IJ& j 

(JaIIj EWS Jl ^1 OWS Jl Ujh^l ^jj ^jl! ^-d^VI (jli ^ ^jLuJI Jaxidl JlaJI .4 _l<J]|^ 

.(Bay Control Intelligent Electronic Device (IED Jl Jl (WAN and LAN) oVL^jVI 

.SAS Jl ^aUaJ ^ ^-/^Jl ^SV*JI Jj 8 — 16 (J^joJI^ 



Energy Control Center 



Figure 16-8 

SAS -I' Jaj eA L5“*J^l f^^l 


4_JjaSI 4_iXAaJ! J j.1^j 


SAS Jl Jla3 ^9 ^^iJI JaLd^V ^l*J! II j Jc« lax aiXq (J^juoj <._9j*l]| Axjj 


Jl Jib Jl^VI ^ 




. I EC - 61850 ^9j 4Qks-i\jA c ivi SAS 
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ulk** ^ ^Luj^aJi ajlijJ! uU^U 


Protective Schemes 


Jail! (Jxo A_ij^£JI A-^JjuiII j ». ^>1V- AjLq^j Aj^L^JI Ajli^H S^_^J ^ (J^Jb B^.jJ 


.ab> Reactors _Jj^ ^jljjjaBj cjV^ 


Jl ^J! AilxBaVtj Ajlij SBC. Oj£jj AjIa^. AaA_S ^)j^al_l*j| fiBA (j-a Jjxo'iC. (_]£j 

Aijc. ^b Cjl (J^Jb ^jjaj 3 a_^gba l}^j . jks-i)* \\ Ib^j Aj^al^JI OT and VT 

-9 16 



Figure 16-9 Digital Relays 


AjU^J ^ajaj L_s\j^ ^ Aj]| £'^2^)11 (j^AJ ^B^B ^JjoB lA? A-q^1ci1a]| aBA £-IbI LS^-J 

A_^jJ^Lqj 6 ^10 — 16 Cj\jB*_a]| B^V AjIb^II A^j))Vix> Cjl a\ (jj^B jaj £jJo^j JaAB j c A_ij^£j| 

IbA AjLo^. ^B 4 ^W~ 1 o^\l Ajli ^\\ Sj^_2k.l ^IBjI laAB Jola^ol) -Jv ^ ^ 1 1 — 1 6 (Jj)*s. AjIb^II 

. AjaB^II AjIbjI) 5^-^V A» Uro^ll CjI^jjoiSI c5*^i Cy* SBaJjaV)^ • jtrfVi» 1) 
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£jl j\\ CjUl 



UlA Ijds iiX d_«^\i>Ao i^Ak 


16.2.5 


The F35 feeder protection system provides feeder protection, control, monitoring and 
metering in an integrated, economical, and compact package. 



ANSI Device Numbers & Functions 


Device 

Number 

Function 

Device 

Number 

Function 

279 

Php$e Undermoltage 

SIN i 

Neutral Time Overcurrent 

27 X 

Auxiliary Undervoltdqe 

SIP 

Phase Time Overcurrent 

32N 

Watlmettric Zero Squence Directional 

SI 2 

Negative Sequence Time Overcurrent 

49 

Thermal Overload 

52 

AC Circuit Breaker 

5QG 

Ground Instantaneous Qvercurrent 

59N 

Neutral Overvoltage 

50N 

Neutral Instantaneous Qvercurrent 

59X 

Auxiliary Overvoltage 

SOP 

Phase Instantaneous Over cur rent 

79 

Automatic Ree loser 

50_2 

Negative Sequence instantaneous | 

SI 

Underfrequency 


Overcurrent 



51G 

Ground Time Overcurrent 




Figure 16-10 Feeder Protective Scheme 
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V.&X &jt 'ityjtbX 16.2.6 



The T60 transformer protection system is a comprehensive three-phase transformer 
relay designed to protect medium and large power transformers. 


• Dual-slope, dual-breakpoint 
differential restraint characteristic, 
restrained and unrestrained differential 

• 2nd harmonic inrush and over 
excitation inhibit 

• Transformer over excitation protection 

• Restricted ground fault 


• Loss-of-life, aging factor, hottest 
spot 

• Five zones backup distance 
protection with power swing 
detection and load encroachment 
function 

• Synchro check, ROCOF, over and 
under frequency 


ANSI Device Numbers & Functions 


Device 

Number 

Function 

21P 

Phase Distance 

21G 

Ground Distance 

24 

Volts Per Hertz 

25 

Svnchrocheck 

27P 

Phase Undervoltaae 

27X 

Auxiliary Undervoltaae 

49 

Thermal Overload 

50BF 

Breaker Failure 

50G 

Ground Instantaneous Overcurrent 

50N 

Neutral Instantaneous Overcurrent 

50P 

Phase Instantaneous Overcurrent 

50/87 

Instantaneous Differential Overcurrent 

51G 

Ground Time Overcurrent 

51N 

Neutral Time Overcurrent 

51P 

Phase Time Overcurrent 

59N 

Neutral Overvoltage 

59P 

Phase Overvoltage 

59X 

Auxiliary Overvoltaae 

67N 

Neutral Directional Overcurrent 

67P 

Phase Directional Overcurrent 

68 

Power Swina Blockina 

78 

Out-of-Step Tripping 

810 

Overfrequency 

81U 

Underfrequency 

81R 

Rate of Chanae of Frequency (ROCOF) 

87G 

Restricted Ground Fault 

87T 

Transformer Differential 


Snurirr 



Figure 16-11 Transformer Protective Scheme 
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£jl j\\ CjUl 

t - AV/lN.\iA t UVft\\ 


Jj^at uUa* 4 J u^Uaj^l JjUj 


Load Dispatch -Si u ^3 4flh^ a\\ cjUa^-aSi cjljLnSij cjLq OiL] Uajjudj cjVL^ajVi 

£>^!i ^ l^La (JL^ajVi S)$aA (j! Ja^vU j c Center, LDC 



l 1 ^ xafti JajLoij SAC- ^Al CjUaa^oSi ^j_ij JaJjlS 4 A oh-v *\\ (JL-aJ^i JajLuoj ^ajudAJJj 


PLC ! ^WaW Aai^a\\ ■V-'^Viv ^j\a ^j.£. ( ^\^a.S < ^\ 16 . 2.7 

j2jj (> ojV cjUjkJI Jij ^ Power Line Carrier, PLC Ai>Ul eA ikiJ 
^Ac> RTU SAa.j 4 _-gaIa]) 4flh'sxA) CjLo^IxaSI J 1 jaL.J ^jj Cua 4 ^A jsjj A a\\ ^ PLC 

(Analog) cj\JLi\ Jj jl^JI (aaj 4 Modem (Digital) 4 _loSj £j\JLi\ 

4a11a a*j ^»jaj 4 4_L^x^ ( Voice Freguency, VF) jj-all aajjSL 4 _sjju ^j^aWa aajj 4 IjIa 

(Intermediate Jajujji^ aaja 4_aj-<AI aajj l)-^ Iaa O^Aa cjjI^ (J>La ^ja PLO Jl ^1 

4 j 1 c. I^JLojjI a]j>AI (HF) ^IslSI aajjSI 4_aj-<AI aajj (Jja*j 4 _L^aSI 4Freguency, IF) 


4 Power Amplifier 4_kJjj a *Ikll ^ 4_^£ l^Ua^ ^LaVI jj^j ^jj aA**1\ o'm> ^ c^J 

4_ka,>La £-a 4 ^}2I ^Ac« ( 4 9.uA 220 4 fl.4^1 500) ^AL«Ai ^^SI lajjaa ^ Ac- l^ALujjj ^^xlJ 

AAjj (jV cALAj JaaAl ^jjoAj ^Ac> AJ^aLoSI 4Alia]| j djVL-ajVL 4.A.\».j.xAj 4 AjLo^1xa]| O^AaA lj^ 4_A 

. (jjjjAjIi^ 500 J) 20) (jy La Uj^ Cj$L^l^\ JJjj Umj (jJ^iA 50) 4£_uil! 

(J>La» (Jj,^" i iSI 4^^011 6jjujj (2V 4_5^S 4^1Sjj 4 (2^1^ ls^ ^ <: ^ s ^ A Si (Jjjaj ^J\ Ja^>lj ^ 

. 4l_)La ^X-A 4jI SaSLI V JWLJ 4_L^j-a 

1 ^ \ja"utij LDO 5^)^ L5^i ^ C£>^i 4 ^xi ^bdl A^aJi Ja^lak 4_Lujj-a]| 4ljlak^A]| (Jj^aJ (jl La 

j (_£^aSI Jaa. ^j-a 4-lV\k^lVl 4ljlaj-a JalajSi ^Ac. 4ljlaj-all AjU^a 4 & U^v Wave Trap Cjlaj-oli AjU^a 

(j-a 4_aj-oSI AAj3 (J^4jij lL 1 *^ c^ASI ^jIAS! PLO I^ALaLojI 0^9^ 4"n^v (Ja»lA ^Al IAjjj-oj 

L^Jj-oJJ ^aJ 4 (VF) ^JjjL-ali JJ JajujjXaSI AAjjSI (JjAjij ^aJ 4 (IF) JajujjJ-aSI AAjjSI ^A| (HF) ^ALlSI AAjjSI 

Jj l$Ljaj ^ 4 Digital Jl Analog ^ 4 Lj^jj h^A\ 4JI3L ^ Modem Jl 

. JVi 4_^UJi s)4ai Jj ^ASITag Control Information, TCI 

(J>La» ^aJJ (jAill (jV (AjVL-ajVL 4_jL^al_a cAS>Luj|^ CjIAjA^J A^aj ^Ajlj 4AjLo^1xa1I (Jaj 4Aj^1o]| 6AA J)J-qJJj 

.4^1 L\1 (Ja^S vLk-ai SAAxuAl JLlSI JaiuJaSI JajjAi'V 
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jJl J jll C-jUSlI 


(. sY\\a AAjk j laall (Jjdfij Jc. I^Aaj ^aJJ 4AjALuJi jl 4_Luojja Ckt£ C-I^JOJ CjLqJlJI ^ CjljLn]! J Jsl^vU 

(jjjliia jl 4_SJa J-oUjj ^pll CjLJlJI c±jl£ 131 S. 1 J 9 Slia jl^all JL Lo£. (JklAj l^-kj V 

. CjLJjlJI Sjj£ Ak. 


Line Trap i^A<A\ <akijA\ 16.2.8 


(J^kJI lak CjvLx-a j-a JJSI Jc. ^-^ a , 6 Cjlj j^JI (JjIj! Tj-gj Alaa^JI (JkAxi ( J (jj£j aAAj 

0.1- Inductance -Si uj^j 2000 Jl ^Jlc* 4 kL» jJ Jj Inductor c> S;U^ 
4-jL^aLk CjjLii BjIc' (_5^9 6 4_i2^jlkJi (_£^kVi CjUaa^aSi 4 ^&aIaSI cjijLaiVi (JS-jaLojI L^-Lq ^a^xlij 4 2 mH 

aAA ^-ajujjS 4 tt«v a\\\ CjV^a^a ^1 lajiak J_U-ajjj <J-a3 ^jJajju Jakll jS^y* (j-° AjIjUuI ^1 IJlc. 4jliJ S^_a.L} 

JUSLuiVi 4-L^aLo (_£>^i JIa J 4_2l*-!l CjbjJI J>a^aAj jjjjA 50 AAjJI CjI3 CjIjIjJI jjj-oj JI^aSI 



Figure 16-12 Wave Traps 


cjU^IsjuAS L^b jgfej .Receiver 

(Jj^aj^j . 12 — 16 (J^JoiSi L£ AJllzus 

lak £-a ^JIjJI ^ b CjIjAjaSI SAusia 

( Jc« L_lSl*JI ^ (Jj^aj3^ Jl*JI 2a*_AaSI 
. JaA3 SAaJj 0 li 




(Jlaali c-UjI SjHiVI J Aa.Jj J q^-ai ^Jl ^4Jl*_SI) CjIaAjjSI ^ja Jc*I ^-JaSL (jjj 4_2l*_!l CjIaAjjSI aAA 
.(JUaC-Vi CjjjLoii J hj V (_£aJI lAAj jjjjA I'NJ* 11 Jl 4 (_£A-<a J USlc* (jJjj 


IS Resonance Frequency i^Ja j j (RLC circuits) l^jS Jc. cIalJI ^ z£s aai*jj 
^ Hz 50~ 4 <hmS1 jjjj j]>oIj ^j5j JWUj |^a (^Lojj 50 Hz II Ak; l^ajU-o ^ dija^ Line Trap 

Ika. 4%^ Coupling CapadtOr -SI AaA ^[9 4j«ij^JI CjIaAjjSI 5^ 4ij\jLxl 

.13-16 l£U' ^ 1-^ Line Tuner Jl JUk-VI jl^ Jl 4^ c> 


Station A 
Bus 



Figure 16-13 AjL^. j-all caUjSx 
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Pilot Cable : ^ 16.2.9 

^_uajV 1 ‘"IftAj-laj i~'VI, -."VI j 4 , —J. -n OvLll^ (jc. SjUc. ‘ 4 j■ V' Cj>Lll£]lj 1 ■ >»_«' . ajjLjj 

. LDO 21 /j_L2 j CjUaa-dl 

l^L^adj JL ^aJ RTU (j-a 4 _-q 2 )Ia]| CjljldVI (JJLjujJ cjUa^Jl J Modem jl^ j j 
Modem jl^ I ^LaL uu di^ 4 j>J 2 l Jl Jib JJIPilot Cable Jl 41* £ 4 Analog Jl 
Tag Control Information, TCI Jl 4 _l*j Digital Jl Analog ^ jl 



Fiber Optic , FO :&a^A\ ciVi\S\ ^ ^V^i^\i 6 . 2 .io 


Jc. CjUaa^-JI (SS)~^~ l ~'^' dlljJ <JLaa*Vt j 4 a1j^-a 1I CjUa^J) (jjj 4-jjj^aJI lJiLJVI JuJuj J 

l^a» Ajljjjuo I 4 JJ^i CjLqJ xdl (_]aj ^9 AaJLJI aJA 4_}jj^a2l C_al 2 VI ^Jjia ^jc. (JL^ajVtj 4j^ala. S 44 J 

La Ic^j (JUaC-Vl 4_Lil9j CjLLiJ! ^j-a S^jj^ 4_ix^ (_)ajjj 


^jaj 4 Analog c_ul^ ^jl^ ( ja* c£>^l S 4 J Cy* .j RTU _2I 4 ^aJI cjljldVI (FO^ dW^* JaLjjj ^9 
jl^ JLaLojI J dna. J)lJ2l Jl 4_Jjj^aJI L_aUlVI (J>Lk (j-Q JLujJ 4djjJa Cjljld! Jl JjjVn 
TCI . ^Jl l^d ^9 Analog ^ 9 ! Digital ^Jl 4 _ijja]| cJjLoiVI (Jj^dj ^JL 


Wireless : Ay<\.A U\ 2 n 

:l^t Sj^.1 54C- 4j-o 4_lSLo)>UI t" 1 V1 l —V1 4 V '," 


Towers :^1 >jVI -1 

(J^dj JLM £JJJJ Jj 4 (JL-ajV! CjLdJ Joad ^$3 ^JLojV 4^jd J J (_g^a3 4.1^! C_ll3 JVI 
J AjV JVI Cjldi^A J 4 _LjujJI a^A L-ljJC- ^[5 . 4 ^h 7 iUj ^J^-V U-<ujjj 

cjVd^ajVl (jl L-Uxdl j& 4 1 x>i 3 M 1 ^(_£p a) Line of Sight Jl (_$>!* ^9 
. Repeaters Jl jl cjI>j£JI Jl S^ldVI 4 fl» VI3 . 4 jlAjj-o ^jdxi (3J ^1 AjlSLija (jJ j LdL 


Repeater . jl^ -2 

S^lc .|_9 ^ IaJJjj jj;<" ^1 J ^jAj ^aJ 4flh^x>ll 4 j^Luj>UI 544 VI (j-a CjjjldVI (JLaLojIj jl^JI Ua JL 

. ^)4^l ^_jLaJ>UI (J-ftC- C)J& S^JJLJ CjULaui ^Jl CjljldVI (JaHj d4 (_£^l 5^-0 \JL,jl 

V (JJ 4x> CjIjJjj j Jc. CjJaII oAA I(^ lj* i ""^ ^aJjj ^j^a9l CjJs ^ 6 ^ ^9 dWJI ^9 

(Ja*j DC CjLjjLLj ±yjj jAx-a-JI IJa ^LLajI 4JLa» Jj 4 AC jLnj 4 jjA*j Jj . (J^ldi I 4 I 1 J 
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. ^.IjA]I ^ic. ^£lut)UI A ^ 'i-s jljxi"' L ,il jjLo^Jal A1 ]Aj \ ■ ' jA*^3-a]' ^-Uafijl jq 3 

5 ] 9 J ■ t J\ 4 ^ 4j*o S^lia A\]a ^JJ V AjLlLaJI (J^)]a]l ' AjA-qjj 'V. 4_jl ^Jj lj& jjAaj 

SA^. ^Ic. 4 li^ ^ CjIjLu Ajla XoU. j£>J1 i| (J- -~" Aji (Jj3 4£jjJa ^3 CjUa^-a SAxj Ja^JI jmj A3 (_)j 6 




New Technology 

GPS Synchronized 

Measurements 

(Phasors) 


Commands 


Master 

Station 
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£jl jll i-U\ 




uih*X\ J* &j*JI >» ajtfj)t (Uaj 


(JlaLAxIiVI v^j 4_jli ^Aju Ia^j 



. ^ja CjI^3La 1|^ ^jjLolaLSI 4 _jLo^. s-lillaVi ^aUaJ ^ja ^a^xSI 

CaIja^ UJ 7 ^ k 5;|pJ[9 (JI*jjoi>U 4_LIa1I S^IaII ^)3jjj (Ja Cj>^9 

S-UiaV^ • ^}j (JIaJJ C5 ^ 6 (14-16 L&S 

. Cilloll IAa ^>LCal ^ja ( X-Lja ^)jua£i 

V 9 CjjIj]| ^Uajll 6 ^Ax« aJ (_£Jill (Jjj^JI ^ja 4j 15^Uaj j 

. (CjUlfilallj Al jx^ xill 4 aI^\\ 


Figure 16-14 


yyUaall ^ dj^JaAJI jjUm 16.3 

:4_Jtj]| cjIjjujV) <ja 1 . iu*n Lite- 4-la^-xJlj <CjjC^. 

4_LIa]| ^IjaII (Ja 0 JJA (JILqj l~ n«v 4 aj^£JI CjUn^xJI ^joaljujVi Sj_frlaaJl j.^UrfOXi Cj>IjI£]| • 

(JbtjaiV 4 jsI^ 4_2kjj <- > ^ nj (jl (j^AJ ^ Uak Cj 4 SjjjjoA] (Jl*jjoi>U 

eijlc^jj 

Cjj^]| 4_Ajli ^9 S^IJ! ^Jali (Jj)«\ Cjj^IIj 4Jj^3la]| 1 *>ijl Sj^laaJI ^pL-aA • 

(CjjC^, jl (J^l^ c-IaI! c_jjjaj jmj Ia£ 4 jl^-aJI (Jalj) 1 Its <CjjC^ Ale. JI*Jjoi>U 

. CjijC^ Cj j ^. l-jLluoI (JjlaJI ^juoaJI ^9 Uaa* 

^ja 4jjjaJj L d JaC-lCaj (Jjjdl CjIaSja 4aj^£JI CjUaa^JI <_paxJ ^ S^laaJI j^L-aA ^ja j • 

. Sjjjjalll £A (JlsiJjal>U 4_Lli jj^A 


A^pii 16.3.1 

! <j]l jij (JIjLIluV 1 c-4j .lie. . ..<VI 4 iin'l jLlu^I ^Ic- CjV^-JI CjUa^aJ e-Ua) Aj^Jaj 5^9 ^QJaJ 

4 ( b\jyol\ jl j c-LJ) jl t (jjj^l) Jjjua£) jlc- (Jj-o 4 SJLCCa SjLo ^Ic^JjujIj — 1 

c > n^n c4t^j ( 10 % ^ (JlaCCiVl jjjduoV ^jvUI C^JI ^jc. ^jj^jai^Vl 4 _JjuC (_)15j Ia-g 

(_^»ijj Iaa SCa^-aII S^IaII 4ilj£ cJlvlj^l c > i ntn . (_3 jj^-a]I ^jaiaJI ^jc- (jj^jai£Vl 

.JUlcVI c-iajj J! 
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, V 


. 4j i^lc- S^jiu^a CjL^jS ciljjj lilloj 4 ^ 


MdUJI^yjs^l f^UiM 16.4 

^ 91 . UjIaIj (_|a3Uj l^JjLa^ L_J^JJ ^aUaj ^)C. SjUc. ^lilaVl ^aUaJ 

:4JUi IA^\ 

4jjLJI CjLojj-a]I 4 aI^\\ • 

,\n^l ^Ij 4 ^IVil • 

, 4 _\j|^jj 4_Alaj| • 


. 4_j^IC- j 4jjjj>a L^-Lq (_]£Jj 


s-lillaj ^aUaj (_)^ 

^aUaj • 

t 0^11 S) g J • 

c (deluge valves) j*A\ cjLLu^ J (sprinklers valves) J^\ cjLU^ • 

4_La£Jjj c_J^ilaA]| ( OO2/ s-La) S-^aVl ^) L (Jlx^ajj ^Ic. cs^i ® 

-15 16 ^ Lo£ (j^-a Jl 4_3^1ia-<JI 


424 


£j|jll ljUI! 




: g-UIaVt 

£. 1 * \\ (jl (jSaJ 

L$l c> jl 6 4^ u]> CLP** 

^3 ^Vlnllj . £.1x4] 

2Ujuj£I ^jIj ^Uaj CjUa^all iarJ 


Deluge ) cjLLu^ jl ( sprinklers valves ) I uLl^ ^ 4^1^11 ^sMl cjLLu^ 

. ( valves 


: fUaj 

4j j)\AjxAUjj C_Jj)\)axAI (J^jaJL ^lajaVI (JU^ajI lallxij ^)Jjaijj-<i 

.JjpJI 

: L jg> LAut^l J S^aI 

s^jSoa lJiLjjj£I (sensors) cjI^Luo^j ^3l^ jj^^ 

. ^.liLlaVl ^Uaj (JjxjujJ ^)IAjVl C5^i ^-Ij^ 1 ! C5^ 6 


<AAoS\ lA\ 16.4.1 


LAI (J^J^JI r\i>\~i\ ^j£. fj'v \\ )1a ^3 i** '■WVt (,_fljjujj 4 LAI (CjUIaJs ) IjjJLl LA J^J^AI filial ^aJJ 

-Aic-j 6 (Jj^ ^]\j 4 Lij*\ xAI 4_^jJ ^3 IfljjvU 4 £jouSLq (jjjj^Jj c ? ij^jJ ^-lc« 4 jjuoLuoV 1 S^aSI AaIxj 

^JJjoj (^111 (jjvlial ^Ac* C_l9^1l (JjoAJ ^J-qaj L<^ 4 S^Luol g.1 IaC»l ^9 l-lij ^)la^AI Jl^AI ^Al 

. 4_2kjl_2i. ^1 C5 _b>JI (_)^Jj ^A Ja 6 (Jj)^ L_u£jJ L-bul^» ^Ac. JojuJ^II IAa C oh-v 'j 4 4j (J^J^AI S-LjAal 
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jill <joiAiA ; £j| jll <-jU£1 I 

-Ic-Lujj V (JaL^ jlc. 4_jl j ^jldaj <\n^l ^jlc- ^IdkiJ ^jj ^ n^ll (JdJ.B Ij£ja (J^-aII (jl£ lili 

^)JC«J (J^tlll (> _ 5 -^ klC'I jujJ V ^jlc« 4 (j^ll^JI fhVnul (j^AJ Ia£ 6 £.|_^JI (JA (Jiljlj (Jjtjjulj Vj 4 (Jl*JjalV 1 

£-0 (Jc-lijj l~ n^V 4 (J^Iaj£ (Jc-Iaj ^JojujI^J £,lft]alj 5% 4 ^Jbj ^j£jjJ La lil ^ajAJ 4 (Jj-aJ-0 

(j^ll^Jl jlc. J)XQJJJ 4 JjljJ^vU (JjuJjujIaI) (Jc* Lilli Ld 4 <CjJUJj L-i^ill jLaUjl ^)A (JJ)1 u1.a 11 VI ^CjU 

. (jjJj£Jl ^^jlj ^jlc* (JA s-Lllal ^9 ^'JjujI 4_j\j 



&Ua ^aJJ 4_jli 4 L_ul^Jl ^ A y (jA A\&SLa JJC- 


jU 


^^9 ^1 ^_11a 11 cJj^ a! 1 lil Lai 


^jc. (JjUjuIaII (JJ)^ a! 1 S^)^> 4_2kJ.B ^j-11 (_£JJj9 4 ili^ll (JjA (jj£j Ullc-j 6 Cj^j 4x-^B_1a 

. J^pJl ^jc. SJjIaII Sj|^il £>La 1I ^aLuJjSij 4£jLalA 4 X fn 4 4_ll*Jjall 4_2hJ^ 


£dj*i I <L. 1 jI <U 4 mI *l$j| 16.5 

Aaiids dl^i t.Vi»\ 16.5.1 

^aUdll IjA 4 Cjj^IIj 5<^1aa CjV^^q l^J ^Illl ^bI^aII 4jIa^J £jLa!I ^UVlll 1.BA ^.’iVnal CjV^aII CjI 
-11 ^11 £-B.Bj c-IaII ILAj J^J^Jl c-liiaV )*>» did 4i^U Cjljl^d, ^B (jj^ a! 1 s-Loll ^ja 4_1a£ W‘n,n 

^dillj ^j|^J 1 ^jc. <. gx^ll Jaj*x^ixtll ^.Ij^Jl ^addjujj Ldajl .Js^uJaaII ^.Ij^JI S-ic-Laaj Sprinklsrs 

.^j^ji 4j (jI^aIi ji c.Ia1i 

S^IaII ^jaj Ldajlj (Jjj^Jl ^Ifilal AxJ 4 cjjol 3 4_xidJl ^Jl 4 j^Ic-I (J^jaill 4_jl ^Uaill IjiA CjljAAA ^ya 

^ ^IaII^ ^IflJaVl 4 

SJ^Sk^ll ^.Loll 4_id M oT\ l nij ^jj^Jl jLdl ^aJlC- 4jd ^Bj . jju^all ^jl^dJl ^aUaill IjA <— JjJC- (JAJ 

.^j^JI S^Lj -4C-LujJ ^aliaill ^idAll ^l^^ u]^ 
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£jl j\\ CjUl 



16.5.2 



m 


Figure 16-16 eAUl^kjJ 


ja Jjjud£) jlc. aI^jjujIj 4j^alfL* ^Uaj 

CjIAxaIIj S^Lja ^jljl ciljj (jjA (J^j|p*AI s-liLlaj ^9 (JIsl9 ^)JjIj 
(_]aJjojJ V 4_j| A-jjuj£l ^AIj jlc. jjxTn . SA^2k^xAl 

Sja c-j^AI ^ja (JajI 4_jjj c JUl^V! ^Ac> AC-LaiJ 

(Ji^jL*aJ IajLq aAajjoi^]) aI^aII ^Jajuj ^Ac. ^^jjjj9 4 i o, 
jlc- Sji^p. Ap^jA j! i~ n-yj . jUl! jAj^axA $A^A! (jj> 
SaLA! Ajpj ^gic- lU*j 4_jli JtAhj c lAp. 4 jJa&klo CO 2 

^AxJjuIaII 

^^Ac. Juuxj J^pAi p-UiaV 4^AVuuxAl jUJI 4 _ia£ 
jj>i JS tl^ja 4 (Jj)"\xAl l^j Sp^aAl j) (jliLAI 

J)lc- (JA ^<2 JJ L-lX^O 

Lo^ 4-laj» t>>xa Cjljj^lsuuA ^^9 AJjuo^I ^^jlj (j^p*Jj 

^j\j Spxxxa 4_A^lajuA ^AiLLaGj 6 16 — 16 (J^ k ~ \\ ^_3 
(j-o .Vun^l ^tj JJJ-OJ ^sWA AJjoi£! 

.SpAll Cjlj|j))n*tiVI 


a]^9>U lAjjAl^. Jl cAAa (_£Ajj j\ (j^xu9 Sp^AI (J^Ja ^\-*AA cjjjjujj AAjAl^. aJL^ ^9 ^UaAl lAA c_jjjc. 


* 4 ^ <q 


p-j^A) ^JJ^l ^Ac>l C_)1_^A9 uAjJJ (jfAj C^LAlAA) J L_jjjjV) ^JA'V Jji*J 1 . '>J C/C^j^C* Juc. 

. Jjjp. CjjA^j ^jaLgIaII 4aaja 1 ^JjjpAI CjjA^. Aic> Ia^jaLgjjI J^AjJ (Jjajujj L_pj La£ 


jl*AI (jvUajl iS^-J 6 jlAjVl (JajljujJ 4-la^J ^ja (4aj1j 24 — 1 <j-G ) C5^l) A^jJ 4_jl 

(Jj)*\ x>ll 4i^)C- (J^^A ^Ac> Slc-I^xi c-ia>J ^J^JI e-ULlaj Aauj . L_l|^jVi (3 ^l 9 O^ ^ k "'V ^ (j-o ^>L^I 

. 4j31£J) 4j^a1) ^aZ> 


^aVa A^ajuo Ca^A ^Vk\ ^V\hA 16.5.3 

p.lxJi ^3A] Aj lXI ^jIaj Jaj* *\j4l\ JajAjoj) (j^Aj ^.ij^AI li» j>Ai Cl^J ^L^li ^Uaj 4. utij ^1 W\W IAa 

^jjajl^lajujl ^9 ^A^JjouAI Ajjal^l ^jlj • 4j CjLujLi^l ^1 (J>L^ ^JA 

(j a AjV ^-txAl 4j|j)lajaiV 1 jUl) C5^-9 6 (JC- { ^jLoUaj ^A^JjuoJ j , ^)A^I 

- *1 (_Aa*j ^J^AU LaAA^I j i^xjuj ^Ac- 4J1_^. ^9j Ixxa l_j2jui£ 1I ^^xiUaj (_A-qaj ^jl 
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(jli c-Lall AaU c-liilaVi 4 _AaC- ^aJJ 13]^ , l.lx^a I^A CjjjjAA ^ja 

. AJU ( ^i Ia£ (JlatJjaiVl (Ja V s-IaII Aau 


4xjjol3 4x»jIa]! Cjljjjjl^Vl (JIAiLujI 4-iIaljWl CjUj^lajoil J^^-3 4-jl ^Uai]| I^A C_JjJC- ^ja 

JLluo^I ^jIj jlc. (jl ^Jj 4iLjaV^J AjIa^. (jjAj 4 jjIa^ ^IjaII (jI^a!) C-fljjaj (Jj* xTill 4 _AaC> «latJ 

•(j^ C5^ 


4.jVa.^\ *Ai&\ diVjuiVjuij.^ ^V\bl 16.5.4 


(17-16 J£a) Jj^a '1 cJ>^ CjLiLijll j-jJojj 
^jjuo|^a]| ^ja 4x>j)^^k a CJ _L ahAa cjLiLijll 
Ig-La c-IaI) jaVI (Jj)^ aIIj JaJ^J 

^)*-JlJ Ia-HC-J L_lj|^JI ^JA^V ^JA (JJ)*\ A^l ^)A*J 
Jjojjj JaauJaH ^tiflA ^jlfl (JjAja^J! 

AijJu jlijVI jlgA (JaslJ S)Loil 
Ut Aau (JC- ^Vi'l ^aLu-a ^J3 ^aJJ Cj 5 j\\ (jjdftj 
. (AiJj (J>Lk 

A\\acl ^9 J>i (JaIc> ^sAI s-IaII jl IaJ j 

C_l3^]| (Jjjia ^ ^ (j' AjV s-IaII jli 

V 3111 . L-Lail 1 a] 1 JaiuJalhj A^jujIIaII 4ja£JLj 
^."U^a ^ic. ^J^JI AjIbj ^aUaj £jJaj (jl ^jladjudj 
(Jj^ajj £.1^ JaC-LjaJ -}jJ}aj £.Ia]1j £^1aa ^)Jj£ al-iA (j]3^ «^2vj 1 t (j^J 6 A u^aII ^Lia (3 ^)^ £jl^l ©LiaII 

U-aJi ^aLouS 4_aIac. JLa cs - ^* cJ^' (j -0 <4l]jj ( ^Iaa]! cJ^*^ 15 10 ( 1 >a e-134^ ^ 

•((i^p^' (3^ ls* 
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£jl jll i-U\ 


wJttl uLJI £*U 


uV^sil 2u>lidl Jrfteill uUJUu 


SjLuiU A^ajaII ljI JaIuij j-usaj u£ til 11/66 J-s^aalt AlUa^A ^A^l <ja ^ Jjaj ^Jj buS 

LkiSa ( jjj ^AAaI) ^Aja 2 I ) JjLuuII LjUa^ait SaLaIIj AjVj'valt AjILaa fLuijj 

: ^ a£jjuo ( C5J oujj ^g-culal 

(Jj^aS AjAUII (Jjy-Jall cJljj^la £.Ljj]^ (JaI£1Li A aII (Jj^aS £.UjI ^C>1 n^ill (jA^i Allbulau ^LjjI ■ 

C_9j|^)ia ^Uj|^ L_9.cAl 1 1 A£a> — <. 9. ill 66 ^^ — L_9.<Al 220 7 - A_Lx2^a1I CjIa^a A^xi ^1 

AjaUJI (J^auaul! 

S^laaJLi 6jUaaJ £a <A11a ^j£- ^a^alll ^^2^)11 1 -laj (JiaC- dljAa. .lloj SjjIIaII AjAjj £.UjI ■ 

. (j^AjII Ajj^ala* ^\^kx^l Ajj^aLa* Cjjaj^II A jx.ol.aA Ajtfnll $.IjjI (jl^ (JJaxJI l^j l~ Q\ ^ll! 

66 — <*—i3. til 220 A^_a. jjI^aII (_lx-aft]| Cj Ijj^ LIaj Aj^alaJI (Jj* xTill CjIajIaj Ijj! SjjjjjJa ■ 

: S^IIaII SjIaLojV AjAjajjI! Cjl^kaJL aaIIaII JaUill l_9.cA1 

'. A-pV 1 (jjlaUj (J k ^LaJ ^ja /jj~^ -v \\ ^Ja^aJJ -* 

. ^Jaj^Allj (JIxJjojV I ^ Ljaj! CjljLujl — 

.A^j) AjvIjI) CjjjLnll c-lilaJ — 

.^^jJajVjj AaUI^aII A_ajl Aj^IjII ^^Ac- A^_aJ) ^lilaJ — 

. ^jljjJaflllj Jajjli'sll ^ja (jj^l^xxill (Jj-a3 (JIa£jxxiI ^aJJ -^-l 

. I^aIc. AjLix-all (JIaC-1 CjVI^ 5^1 All ^jAaJjlAl! -‘All 

. CjIjjLIa (JaC- Ale- ^jJajV I SjJaa. Aa1>Ia1xjjI ^1c> Aj^IaII -Aj 

: SyuiUa J4& ^jj UjUIj AJo^aII Ja A^aJI ljI^oaj! ±£> ■ 

c_9. til 11 A^-a> AAIjAx-aII (Jj^a3 -1 

.LJ.cil 11 A^_a. (Ja ^J.cil 11 / 66 A^ja AjjoUJ^H A^V$^a 13 ^gjaUJ^ll ^IAAaII (Jj^aS -4-J 

.C_a.(Al 66 (JA c_9.(Al 11/ 66 Ag'V AAjoUJjII CjVj)^ a\ 1 ^g_xjaJJjll ^IjAaII (Jj-aS -All 

^aall AjAjj ^jjjAI^a CjIaaLu^ A^aJI ^jjla jiaia -All 
.AaLu 1*A1I ^)UaAj|j cAHaj ^aall AjAjj ^jjjAI^a ^vLj! 
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‘•u$£\ SjjC- 

L_9.cil 66 4-$-^ (j-a CJ)!c)^a\\ ^ ^IjjL<AI (Jjj^a_p -1 

. cJl.cil 1 1 CjV^-aIS ^joUJ^I ^IjAxAI (Jjj^aj 3 - 4-1 

j LklSa JjjomlL L_9.til 1 1 4_^. (j>i CjL^laII Jjj^ajj -AA 

IfljLuj \^j\c> 4_laAi]l 4 Un*v A 44 JI 4_laaj (JjAxj -AA 

. SjjojLia 1^6vLj|^ ^ — (JJ^G — Jak j 4^^ (_£) Ak- 4JiAj CjLovLslSI k l ~v ^aUuA V1 

.4 CjUa^q ^j-g 4_aa^-j^a]| AAIsJjaIL ^>LjV1 

»4Jl^. ^Al Cy a£ 1 a]|j ( Lt^jhtl ^ (JLx-ajVi ^Lgj&VI 

. AAljjUai]| 4_i^lj ^>0 ^aLoia]| ^)l_n]lj ^LAi&VI 

. ^jjjAaa ^)k ^joiIj-g SjAaII (J-gIjl-g 4j^ala^ SsJj3 4_iflj^j ^»LgjAVI 

(Jjxjoij 4_xi>La3 (j-o a£ 1 a 1 Ij cJi.til 11 / 66 Ag> cJ)!j)^a\\ CjUIaII 5 j|^. 4_2kjj 

^ JlaaJI 4aU\* oj^ Restricted earth fault ajLgII 4 ^ 4 ]' Jl^t Ak 

.<—a. c^Sl 1 444 . <j-G 


: jjJjj 4£j-uj (jjjj ^uujj 4fttad] jt Aj-aj 

! £jijjd]| 4 ^)jui ^5k3j ^^juoJJJ ^/ulsl IkLIa (J^GjtJI ^Jjaill] ^A^k Ik ^ojjlLujj 

cAjjAa^j AAV^-gII CjUo^q ^j-g 4_2kjLiJ|^ cJl.til 11 A 44 . CjUaslaII ^Ac- (JUac4 cijjAa* 4lla> -\ 

xAl CjI lv\ xn 4 jAj^I 4 _is|^g ^j±} (J^gI*!]! ^JJ 4jIaj J)^ ^ ^1j (_£AkalI ^jIaIj 
^JJ £_£jljla (^1 AAjAa* Ak 4 jjLuixAI 5jk j 4SjjJjlixi ^j 

Ji Q*J\ 

l£j l^la]|j — CjIjI — 4_jljj^a]| 4j^alkJI (Jjj^aj^l — Cj I j g lka -4-1 

4jAj^ 1I 4_i3i^>a ^jjj ^jj (J_u-a(Jjk^aAll Sjj 1 _Lq CjV^ ^11 CjUaa^o 4_2^jlkJI CjIjA*-a 1 ] 

(Jjj^aAll (^jc. (J^luixAij 4 _jAj^1I x>j CjV^-aII 4 x>j 

.JaA 2 4jAj^]| a 

(jjoAl^ ^jjj L_9.tiJ 11 A 44 . 4jj|j 41I CjljAi_Al|j jjjjjll CjIs^I (jf~ jLnll 4 jlauuaj) -All 

IjLxi jUakl^ 4 jAj^1I 4 _ia]j^ \ LjIaII Aixtij 4 jAjj 

. (^aIslSI 4 jojC ^lc> 
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£jl jll i-U\ 


L' ^lj^J 1 \)^i Ljllll Jajujj ^SVl (JJJ (J^alxMl ASjjoAL AjjUa L_SIjjJal (JLa^A (. i?Jfl V A)*? JUC. 


4_S^}juo ^SVl 3 IL LaAJa 4 j^jj ^jjoAl^a ^JaVjj S^IiLua CjIAsl^»a]) ^3 

A^Jjoi (JJJ (J-qIxj]I L_9. til 1 1 ASjjolJ Ajjx-a Ajllaid ( xij <- > Alt JU£- 

4 Ai^xAl Aj^jj Sj^L-sa]| CjI xn\»Ml jSj (jl ^Ac» 1 ^ \A-ij LjIaI! Jajujj 

. l*^OA ^_ J j*J ' ^ ^ A 

^jjj.v^ a ^jjj ^ajj aSjjoAI ^3 AiUall (J^Ujj Cj 1 _ja*_xAI ^Ac. 

^ x>j\qV I jjjjjli ^SV (j-o ^ 
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; j^jljll i_jIj£]I 
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£jl J\ lAA\ 



CDISTRIBUTION SYSTEM) 
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(^j jj2l (.“iKu’iii J-nJ-iVi ^xjlx^ ^2jc. ^jLudll (Jj^aall - £jI^)1I lx12I 



<WAi* 17.1 

. (j>ifl4 *1*21 A^Jij 2ajxijJxll j>x LS^“ J £jjj2l 4 ^j!Vi2 ^Dit/ixi jjUaJ 

3.3 kV - 6.6 kV - 11 kV - 22 kV - 33 kV : ^ 2^>2t ^21 ^ Uti 
Line ^ c. 2^3 220 ^_ 5 -^ I^jjxI <^3 _ 9 6 ( 2 j> 2 ! ^)o» a ^3 cjA^s 400 ^ 4 ^ (j^d 4 x 21 ^ 4 ^x 3 Loj^ 

.(Voltage 

j ^(PRIMARY DISTRIBUTION 42 jVI Cibiixll <Kh* I 4 J ,^5i Jau<»L4]t ,^,>U ^3 »2t 4x$Iaiaq 

(_ 5 ^| Cjlcj^ x]| <jx 6 ( Cxlcj^xll^ ^11 >lx<i 66/11 ^ 7 - 4jjouj^)]| CxUax^ 2 l j)x 5 j4a]| (Jajj ^l 2 l 

142121 ^x-alxaJI £jjj2l 4>ajL>^ ^jxjJaJJj .42^x21 (j£lxYl U^L (j2xi2l £jjj2l 


C^US (JjaIxJj Jojuj jx2l £jjj3 4 ^Xoi ^3 A Jaftj (Jjl ^5^5 (^jj-21) 2ax*jjx2l A^xJI £jjjj * 

. 4 jjoUJ^)]! (JjC jUax^o j>x Cj1jAx^2I 

Cj>IjI^ 4 jjI^A 2ajjla'V (J^jSuJ CjV^x- 21 J! Cjlcjgxll <jx ^jxx ^21 JajujjJxll 2aj)li 4 • 

. laxo (jxjYl 4 -jjJajl 

^_l_Ul_3 Xj^^lxo 2 ^^3 4 _<lA 1_AJ1 a2 L l 1 2 1 4^JjUtl ^ ^ t n c21ju>l^l 9 

Ji 4 ^ 2 l 444 (j-° 4Cu2i ^9 cjY^-2^ 4j5j ^jjjj 21^-21 2aj^l s.ia^ ^ 5^5 RMU 21 CjL^^I • 

. 2ajujjjxll 

. -j >>o4 ‘(21 A^x 2I 4^Xol l.lX l& A*JJ i 2 ajuJjx 2 l Jl^x2l 4^Xal Jxalx. £xjj 2 l CjY^X^O • 


(J<jx ^jiaflxxx 2 l ^ 4^21 44 ^. 5^^xj -21 Cj>Ll£j|j CjIx^2I (2x2x 3 ^jjj 2 l 4^^laxo j)x ^jl 2 l ^ 3 ^^ txl^ 

.Ua 4l ^uajJtxj (jla ( 4 _x^£1! CjIx£j 2I ^ jx^xll ^3 4x2aju ^aJ <2)^21 IJlAj . ( xxj^2l 


4 ^jjj2l 4^ojlojx] 4lxl£j| 5 jj xx21 4jjj (j^^J (jl 4S AjY ^jjj2l CjI^Xoi L>jL>4" (JxIajj (jx (2^ 

lAjxxaljC' 43^)xxJ 6 223 JLiAjj CjIj2j 6 I^jLuxI Cj|j))n4j 6 4xjJajxl) 2m j 2^>4^*^ ^2^Lo ^Ac. ^jl c_lax lx£ 

> 2axlaxx]| 42 xC- ^3 ft^LuX ^21 ^xo2)2|^ CjI^Y! (J^i»J (jx 222^ (jj^J (jlj 4 

















(^JjjJl JojJoVl ^J/La) £jLJl Jj^aJl — £jl^)ll 4_AJl 


j4-a^J1 ^9 ^jjjjll CjI^jjoiI (JjjjI^ 1$j ^Jj jl c > ^ull ajjujLojVI CjI^VIj ^jaUJI ^Ja ^aI jl u^Hi 

:4JJI iUj 

:Cj\.^i.jUi\\ SuA*Jl\ 1 )UjuAjoJ^\ dJ&jju* 17.1.1 

: 4 a lAA^aJ ^9 4JJI c_9IaaVI j-iA^J 4 j!c. c _l^J ^JijjJI 4_-ajlijJ Inln^^a jl J* 


. feeders Jl j 4 switches J! j 4 C.B Jl Jt oV^JI £%* aja^j 4- 
. c-jjaV) ^ 4 £JJI jl 4 ^U. Electric Safety jtaSM 4- 

j-a (Jlc- (_£^Jjoia 1^_a 3 ^}9jjj V ^_^JI 4_LaJI (Jj Jl ^-9 LqJjujV k <aJI ^9 4JaL. Jl jJL^J -J— 

.fJJI 

cj Ku JI ^ Power Losses sajaaJI S;aJI JJ& 4- 
.Voltage Drop Jl JJ&j 4 Jil J 1 jSLVl ^ Voltage Profile A 34 JI jnnVi 4 

j-aj AaJl JjLjoj Ag CjI Hti^k a*\ (,^ Jl CjI aI^\a j CjLj£JI) ^jJaj 4JaJ 4 jJjA -|- 

. ^aAAAC- JJ&j 4 }sf\j j£LaVI (JjJa9l jc- 4_JjA (J-aC-j 4 4 J Jill £JjjJI 4JaJ ^A^bjal ^aJ 

Cross Connection, CCs Jl wJ j Distributed Generators DGs J .vi"J 4 
j^aj dua> I^jj (Feeders) Jl cJj *-^£3 sj^_J ^a CC ) 4 jaLuc>>U diLiai^-J 
^ ^AJd -j . (^LojVi Feeder JL Fault J^x lil jJ Feeder <> J*JI 4 jJu 

(JJjj 4-igJj j£LaVI C^^l j^ ^-JjA (J-aC«j . £jjjJI 4 ^JjJ laJa^JI Ajc> Lac. VI 

.^aAAA^ 

4 j^jjIjjjojVI JLa^VI 4 j^aLa>j) 4 Reliability Index 4 aALaoc.VI cj>Lal*-a 4 _^u 9 4- 

4jA*J! jAx-^-a 4_jjLaJC-l (_^LuJ-a ^9j jl ^1*JI £-a .( CjUaJojoJI (JLaJ JLa 4a-aAl 
4 _jj|^aLojI jLajJa joj 4ojljJI j-a JloA IJlc- jIJj 4 4^a^jJa 4 a1£j S^JJ^ 4_2hjAj 

.4Jl£JI j^jj 4jAaJI 

4^jjJ| Jjlaj jLajjJ CjISjjJI aa^ajL^adJ 4 a1xjJI 4-Ja^]| 4 jjoiLa 1I Cjlflt^l^JI -j— 

Cjlcjjjaua ^ S.lA*J-a 4 _nl^.l 4jlaLAxtiV li 4 jLaJI jJa9 jj9jJj 4_jJ-JI CjLLaC- 

4_9>llkl t. _AjjoLi Jlx.|^]| JJ| ^ AAjujlHa Jjc. CjISjjoi 4_Jc> ujjjjj jl j^-aJ 4jJl^a 

. 4^)juj (J^ I ^ * JJJ ^Jl Cjlftj^al^JI 


JllAj 4 (_jJajl*ILa cJiI^aVI 6^A i*j9 4 j;^! ^)-aVL (JjJ 4—alJ ia'JI 6.4A jjA^J jl ^)Lac.V! »1^VI 

l lg_Laj lJI^aVI jjA^J jLu-J ^Loc-VI jl 4 > ^lll CjL,W. all ixj Liajl 

4J1£J 4jxLJI ^jjjjjJI 4 

jjjj (_LaJI j-a ^1 IaAsu 4Ja^JI LS^ -Al^ • lL^J (> ^9lj* ^sll ^9 jJI 4 

jJliJI 4_xu9 ^glc. 
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jill ; £j| j]| L_jU£]| 


. CjIAslaI] CjV^II 4J- 

4 _A^Jjoia 1 I CjUjojjjH J- 


;Load Studies ^La^Vi 6 j^\ 17.1.2 


^_3 4-qI& diljll •»"j i JLa^-V lj (Jxjj CjLJjJ 4x-j-o^-J ' 'j-j. ^ UJ& (jl *J r ~ ^4 JjJI 1 ^j U. \ ^ujll J 


Load Estimation JL^Vl cjLLua. 4- 
Load Forecasting 4 jL£i^I Jl»a.Vl jj-ifc 4- 
Load Characteristics JUjO 4 _Jp 4- 


:gl$j| 4 j>Ij t ^jjjJI A^Jxw l(gj tiu ^Jl (JL^jH Ajtnlaj Liaji ^jJJI ^lj jjl c_ 
(JJt\\ jl ,jdJI J 4_ii^juj (JU^I . I 
— 4 j-qC jj^Ua-Q — ^jljjal^ CjLa.1^. (Jl X>*S I . L_J 
. ^Sj_u£Jij £j1jl-£xa]|^ 4jC>ljj^a (JLa^.1 . Cj 


Jjj| Ia& Ca^jj 


(. - ilia] I (J-qI*_a (JlLa (Jl I JJ.13J CjvLoIjl-q L-iLuo^, 4^JjJa ^3 (j^j (Jl x>*sV I a^A (jjJ ^juoLuoV I <. _ SvlU^J Ij 

^ (j-o (Jsl ^ 5 ^^ u jaA ^ cJI-^^l (JjAjaij (j-o^jj Ajjaij \ v ^"l (^^11 Dernend Fsctor 

cjUc. jj]| Cjli (JL^Vl (Jjxjojj <^c>Ijj 4_jjaij ^j,w"l (_5^1 Diversity Fector (JU^Vl (jjljj (J-al*-a 

Sjjj^ll Cjl£p^ll c-AjII jIjj (Jj-q jhac-VI -lijj (_£)^1 Ij^q) cilUA (jl La^ 6 ^•^l_9 (j-a ^}J^I 1-^1^ 

»^jl x^1X>11 ^1 (J^J3^I ^ 

A^jjl l^J (jjf^J IajI^S Sjjj^II ^jl l^c-Lo c (JIa^VI (j-Q S^l^ll ^jjjjll 4 ^Jjoi (_£Axj UU^Jj 






.1-17 JS2JI J Jc. A«j*j ^ Load Forecasting jijiJI J^JI cjLLua. tJ 

4 & i .7.U (_)j* ac. 'ij *'■>." 4 Cjl^la^J) 4 j-g " Load Forecasting 11 J^JI ^jj 

. aa. ^ lj ^9 (_LaL*JI 4j^Si 4 ^1 . >.V l_j t " tl 4_ji -" ll^a 


: f lujl Jl siaII l*ij Load Forecasting Jl ja^j 

1. Short term load forecasting: up to 1 day 

2. Medium term load forecasting: from 1 day to 1 year 

3. Long term load forecasting: from 1 year to 10 years 













^a^La^ y:,f- ^jLaull _) ' * *-»a\t — £j|^}]| 


JJI 



: bj^\\ 17.1.3 

AjjujLaaVi CjIjixaII Cjlfltaoi^aj 4xAilaJ IaLq (jdjbaj))V'i < al (jjjjl J j( j-Q 

• l^jliU^ai^ L-9JXJ (jl L_LiaJ JajujjlA]l Jl^Jl 4 ^Jjoi 4^Jjoi 

Distributors cAc^JI • 

1 ^ C.lj) \\ \ • 

Ring Main Unit C5 aLJ) Jajjli cjUj! • 

L^jUllla i 1^JLAx^3^J * 1 < /\\ 1 (** ^ ^ ® 

^ ^cJj — CjI^JjoI ^)jL-allc> • 

UPS 4 ATS 4 £jj_p 4 4 Cj>LI^ (j^ag^Lall ^aJl A^iZi • 

. ^£cil 4 (Jjj-AI CjIaI JjQ 4 


436 








j£ll ; £j| jll L_jtj£ll 
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. ^^cJI t SOADA t RTU) ^ «XVtll 4-a^liiLa ^jj^aUc- • 


.4jjjLaJI Jj^ajc. (J^ Cjlflj-saij-Aj <Q CS^ c 15 


A^ ^ ».., v s S ^v\\ C-iV__ Aa.\x.^ ^l\sA\ x 17.1.4 

,lVij j! ^glc. ; A^J^I Anil SjJJ^ CjljLnkjj SAA*Hg (JjIAj ^ajJaJJ £jjjjl! ■->i<^ u,u^- 

Cjij)_uij laia J)l Vjl 1 . . A\ S\jj .A^tLoll &Ja ^yojJa ^y A 'nx a CjI^Ljo^Ij CjIjI^jB 

I^JjLa . V'4 ^11 t ^^n jjj,.' ^j]| Sj.ljtj*JI (_)jl.}2l 4jlLol ^yj • (Jj^j ' - '.J ir ~JJ 


Radial / Ring ^jj^JI l_ij1J ^ 4- 
Over Head/Cables a^JJI ^ 4- 

(aJIijI CjV^a-JI y-j^j i- 

11 /22 KV 4j^ju 3I 'y -y (_gjiu4- 
AIS/GIS ^ U«v 41 4- 

CB / Fuse 4 jUjJI s^I 4- 
Bus Duct ^\ cS%\<. 4- 
Single/ Double/etc ja Jaj BB Jl 4- 
Voltage regulators/Capacitors/ Tap changer J)jL 4- 

(jlia > j.nit Lj 4 V ?\ Distributed Generation Jl Ja >4- 


AaAalLiW aA«.a\ a Cj\_*»j\jA\ i^a£- ^j\x- bj^aW 17.1.5 

; I 4 L 0 J -j 4 . II 4 ^4j>s _i£UI ^A ^_jjjJI ■■ '~>4 ^ 1 4 •>I"^J ^jJI CjLaLoiaJI^ CjLJ).JI cJa ^y 

Short Circuit Studies j^\ cjUL^a. • 

Voltage Drop ^Jl ^ ij^JI oLLua. • 

Thermal capacity cJLl£li <_£)J=JI J^'" cjIiLua. • 

Relay Coordination AJSjll s^l (jj.»n • 

Load flow Study s^l dilil in • 

Harmonics Studies cjUsI^JI oLuLij cjIiLoa. • 
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(^JjjJl (■"iKjui LijLiVl ^ajLa) £jLJl Jj^aJl — £jl jll C_llJl 

IaAjjcj EasyPower ^aLjj ^1 ETAP ^-aLjj (JA* s^aL^* ^LVnuL ^jj <jl cjLJjJ! &Aa (J^ 
jjjjVi ^gic. Lla^a ^-L-a £c-aljJI &Aa (jl asuj . (l_jIJI AjI^j I^jjj (jjjJI^ ^c-ajjJI &Aa Cf* SAjj 

. ^C-aljJI &Aa j)-a .1^.1^ (J3VI <> _ 5 ^ c ' Lj"^ ^ (jjfL (jl £JjjJI CjI^JjoA (JJJjl^ (J^ iS^i5 


i C±j > 


Optimization Techniques iJI ^1 JA«^Jl 7.2 

. IgjJSj uVp^ll (jSLal AjAajj 4jjf| CjLuI;JI c-l^jjl -1*J £jj^JI Cjl^iuJ J.*.all ^ 4jLa£. I-Ijj 
. iJI Jl^AI j JajuojlJI ^^]L 4j^al_2kJI (FeederS)-ll (Jjjjla V W "i LjL CjV^^JI TjSLci ^Ac. £.Luj 

4j^al^J| c—iaJl£JI ^1 (j^LaVI (JjJaSV (Jjj-aA jujjuj 4jLj_la ^1 ^JalL^ 

4 j^Luc-V 1 <j-a L5^i cJ3J La£ c (Losses) -bjbLLJI JJaj Ljaj]^ (Feeders) Jl^ cjV^»JL 

4 j ^jouJ! ^ oj£J (voltage drop) Jl jLn^VI ^ IkSM ^ 6 (Reliability) 

. CjUx^I^aI] Lbj 


Jujj IAAj CjjLLJI ^JaiLa S^Ljj Uj)^ Ji LOSS Jl JJfijB 4 -j>>* Jl I ^ 4 axJ £^a (jiajLtJ-a CjLJJaJ-JI &Aa ^Jax ^j 
I cjllui Ja-Jaio ^ Optimization Jl ^L* ^l. vsu nV LL^ ^AII J^JI ja IAaj 4 IA£aj 4 4il£JI 

(Jj^JI^ c 4jJajl*J>JI <._aljlAVI (j-a ^a£il ^aLal Ijx-alB (JAaJjui (j^-lJI (_)^AIb 6 (J^l^JI (^JjJaSV (Jjj^a^ll 

.Optimization Jl J .vi wJ ^a 
Ji3 ^ a> j^^.\\ &\k±A 17.2.1 

J\j LijJaljj 4_ic. ^jjaj Lq ^ t u .,101 bji&j c 4 1L1 L. Lo ^__3 (J‘ Ldjlj 

Jl sJjj ja L ^Ikil Objective Function Jl (jjSs ^ t s^^JI uauKJI ^1 Objective Functions 
c-Luil^J! (j-a <Jlj jjc. Jl JaVI aJSJI (jjS3 « AiUJI ^Jl JJaj (j^Sj 4 >Ug Stebility Meryin 
.Single Objective Function _J ( ^ajaiJ La ^aLal CjVI-^AI fi^A (JlLa • 5^j-JI 
Multi-Objective Functions JL La ^aj c^l^a c^^a jji ^ JjILJI 

^A l_ 9A^JI LI >lLaS c SJJbtHo CJjLik! c^LaLal S^AxILa L-Loal^a jl wij c_ Uti^x\ ^A cJs^A ^I^jujj 

(_^l ^3 i ^Aj vw 4_i^jaua ^L J (j^^jjuas a^jjuJI aHjL cjLsj^a ^jjaj ^jjla ^j£* Stability Limit LI S^Lj 

?4 ln*\ a Tja jj£I ^Ac. ^1 ^ J ^ L * 4 >»’i (_)Aj CjLj^JI cAa ^jJaj 4Jaa^a 

Jl^Vl s^A*ia ^jaLj l-iJLoj! . Lj^A La^ Optimization Techniques JL LJ Ji.AJI ^a IAaj 
^ jji£a Function Jl 6 Aa j < l^JI Jj^jll 3_n*-a Objective Function c_jj£j cJj! \fu^%L ^Sl 
Jajj-uo ^1 Constrains Jl (j-a (JLa uJ^J x ^ Liajl ^_JalL^ c (S^AxHa ^1 S^J^j) S^AiH-a jj-aLc- 

^jL^aAJI ^1 S^LjlL %3 V ^ ^ \l jjJXJ ^jJaxj ^ja >L-a ^A (JA-aVI (_)^AI (jl ^ "i* ^ai (_)^J CjL^-aj 
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( a^o <^il j (^| L . 4 -ojI vlibo A ^ l .'Cjlaj^oll ~^ ^ jjL^aj Vi Ja^jaL]^ 

.V^jL»j ULc Optimization Technique Jl ikJ^j 4i& Ci&s i) 



JliA\ ^LuaII dddj JkVl JJ 4^ju> j& -vi Optimization Technique J! oj% 

^iSalL l Qjla ^-L^aJ Vj SJJbda j 4flh^x> 4_3^al 4 _Aa*J) (jl du^, 4 x»^ da^31 JajjjoJ) £_>q 

.(jg^dJI (JaJI 


: 35^131 L) - ^ 


Particle Swarm Optimization, PSO .1 
Genetic Algorithms .2 
Cuckoo Search .3 


. dlA^JI L <CJjuj l~ 1J\ l^jjjC-j l^_ua SdJj (J£J £_231j j 


dl^JjuJ ^ jUj SJlC. IE E EJI duals JlAS n3 j\l 4iL}lj^3l AjjULall ^j^oj 

_JI 4^Jjul 3 <. (Jl^jaiVi (j-Q 2 — 17 . (JLa3^M Cj]jJSj BBS 31 ^9 C oh-v" 

.33-BBs 


19 20 21 22 



4iLL-a 4 jjIa 3I (jJtjlLiJ 4^jjaJ! (JjoAj Jc- r-jJAxa cj^Luj! (_£l ^jj i~ £U^J] 4_^.tu» CjKh 31 &i&j 

.<Uiad3l l_u1LojVI (Jjj 
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^a^La^ yCr- £jLai]l (J ■ *-»a\t — 


JJI 


yUl \iiA *Jm>* 17.3 


,Wjai ^ (. 4^Jjoi ^jxu^vi Cjj^laaJ 4 (sub") 4_1!LqI 4_a 2L2I alA Axj c_j12I IIa (JjVI (Jj^a2l 

^j£j .4 jfljjlvM 4X±j<^\ 64A (JvL^- l^J 43 *La4iL2l a4A La dbJajC. ^21 4_jJaJjjdl JajiaaJI ^>L» a <jl 

^ (jjj-aLaJI ^1 ^jl2l (JjA-aflll 4-^Jfllx.ti Li 4 (Jjja-^al&l]| -lij^ ^IH^Jjoj la^laaJI a4A 1 »>>3M 

.cjUI IIa 


I (_LujjJ j £jjj21 4^Jjoi ^j^aLc- ^a! 4joijj^] (18 L_j 12I ^1^ U^ ^^121 ^^ft3 

. Distributors cjL^J) -1 

cjV^a —2 

Wifi'S *1.21 'sll 4^n~i JaJ^I^ c RMU 21 laJ^I CjLa^] — 3 


4^11 CjI^Jjoi 4oh-v^\i 4 jA*2I CjLq^lLq 4_uj|j2 ( 19 C__)12I 11a 22121 (J'^^l (j^aj^aaJ Liu 

. cjl£ui> ^ Distributed Generation ^2! 42 j 2I J^k4 j2b iJp 2 U 1 £j 4 Ja^jiJ) 

i (J 1 <a21 Lmj 4 4jj|^JI CjI£u2I 4j2j2 (20 (J L l_jL1I 11a 2 L ^21 ^ajL-saa*J^ 

2ajudjl2l A^_aJI 4 ^Jjui ^3 4ji3I^2Ij ^^a2l 4 4 j2j 4 Liajjj i A^aJI ^2ai3j 4jjLuc>V I 4 j2j2 (21 
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jjlll ^)judC< ^Loill (Jj^aall - £jl^)ll L_Aj]| 



AjlniaJ ailoi) ^oCr ^IjII — £j| jll c_jL 1 I 



(j> i* . ^gAlllaJ (JIj-o J%L CjI^Jjoi ^xlxu^aJj lojlo's" ^9 *Lalc« ^JJjoj ^9 

^>LaJI (_0 joiJ (jjj.Vlg x>\\ (JULa (j-o L_9jj-aJJ 5j4_llLabM 




J*l>* 18.1 


:^ 3 ^\ 18 . 1.1 

(JIxl^VI ^)J^J CjLLui^ 4_L^j-a LojI^ JjbM 4 _L^a 119 . La 4 JjAaj 4jj^Lg Cjlxjujja ^1 A n'u ^Uj (Jj^JUjuj 

JUl^VI (jc. < flh'sj 4 4jiial<J) CjiA ^ JU^bM AaaiL ^^ic. c_j29jjjjoj IIa ^JalLij . 

(jl^jall ^al (JAj t 4 _jolI3La]| (_£^JjaiXi Un'V (, i?\" Judftj 4aj^jaJI (Jlx^Vl (jl 6 >Hxi 4JC>1 U^lll 

(J. <_j^H aII ^tljV 4iUal) tiivL^Jjaj) L-Laia. 1 ^j 9 (JLa^bM ^)JJl5j ja*JJ a jr-1 u >i\l 

. a jr.1 n ^>\i aJajoijVl 0 uaJtJ ^ aiLLiSI 4ilj£J L^. j^ laxJ 1 —18 


Table 18-1 JL^bU jj^Bj 


^ >.H i^LLJI 

(KW h) <LViiLa Sjl^j 


(J ^-vl 4 _o L jL^±=xjM oLLaJI 

(KW h) 4 jfc~*<■* ijbwj 

gSiU 

yy* 

(<» 

> > Y 

(•^)oJ^i 



V.O 

(i>W 

Y * 

(^ 1 >>jl i*^) ^ 3 -uJlVl 

o* * 

( 6 ^) 3)3 

rv 

(jl>) Co^j^dJI 

n 

( w vL>) ^ci_ui_rtb 1 V— ' 1 , ..• g£ 

> 1 A* 

Q^Id) ;oL=JI a Lu 5 -flb/l 

YY• 


>VV* 

(^>^/o jJLo > • • •) jlase-i-Ai 

Y 0 

(jla) wUwL> 


&AA (JL^»V ^-11 CjIxjujjjI] aj\jflHiix^l (Jlx^Vl 4ac^jj 4 _^Luia]| Ajla^laj ^j^u9 Cy*J 


.ajjjLall 






























ciLuja]| (J-oIsl-oj i Demand Factor L_iUall (JaIsla (JU 4^^ cj>La1jla 4_Uja 1I &.1& ^l*w nn ^-xlalLj 
cjLialiJ aHjIj cjjouIj l^jl cj>IaI*_a]| aj j)» x^ij . LoAjjc^ Diversity Factor ^c-LjoII 

.JaLoull f-ij 



(JLa^.V |_5 jU: Oli S^jAII CjI^pvaII (Jua jjc. (JIa^VI 4 _L^)a]| & 4 A ^ IaS 

.4 .^>1 n \\ (JjjLjou]| CjIjjJ CjI j (JIa^VIj c S^u^ll ^Uill CjIjj^Iaj J\/J\ CjJIswj 4jc.L ix^all 


AlxS 4 1 18 (JSjoiII US 4j-1*a]| CjUa^-A JIa^VI (Ja (^1 ^Ac-V (JajojI (Ja IAjj ^JAj^ajll (jli S^lc^ 
Diversity jjUll JaIcj 4 ^jI&aI! JU^5>U Demand Factor, F dm L_lilall (JaIc. <LSjJtA L_L^J A SJJUl 
(_)£J Max Demand, D ^x^Vl (Ja^JI 4 Sh~iUj ajc^aII cjIc-jjaII ( ^ 5 Ac. aaIo^aII (JIa^>U Factor, F dv 

^ja Ub) (jjljall (JaIjla ( ^ 5 Ac« l^Ajgiftj j 4 jc^)a]| cjIcj^aII AilSl (J^ks^bW (JIa^VI &.Aa ^-a^j 4 ^j^A 

(JIa^V) a j 4 ^jjaII (Ja^JI ^Ac- cJ k *' ^AIaIL^ CjIc^ja]) a-l^A x 

(JIa^VI ^)SijA ^^9 J^^aII (J^-a 1 (Ja^JI ^Joaj I^jjIjj (JaIxa ^Ac« Lg^juoAa 4jxtij^l CjIc-jjaII 

.(Jj^al) 4 _Ll2^a 1 (JJ^aj 4 _iLa*JI Jj<nj 4 



^Ikji >u = F dm 

* F dv 

*>“•*-» = 0 

Figure 18-1 JIa^VI ^ jnlvi J ^.1 jx 
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jjlll (■"iKjui AijAvVl ^}idC. £^331 (Jj^a2l — £jl^)ll L_ll3l 


^3 y i\\ a 'v^va .a^a*. jV_ a. * Aii\.i\\ il^j.k\ 18.1.2 

iof-j .a Jj Distribution Substations £jjj 2 ! olk^ 3 ^ 
CjUo^aH sAAj 6 til 11/33 jl 4 L-fl lil 1 1 /66 j) til 11/132 A^ 4jjlijj| CjUa^a —1 

.JajujjJ-all Jl^-^AI 4 ^Jjui 4_jIaj ^AL*AI A^-^AI 4^uIi £a Jaj^)3 4 jLL^. ^A 

3^1^j <*—iV^-aII (Jja ^-ali*AI JJlC. ^Ac. CjUa^^l) 3 h° ^-^ill IAA (JaIAjj 

^21 (Jj^Jill CjLLu^^q IaIaj 4-lujj ^13 ^aj . ^cJi CjV2-ajV 3 o^Ulij AjIs^IIj ^^^21 34-7^3 3jj«AI 
11/66 ^4^ 4lo^x>l SLD _1! Ia^j Jaiia j .Ua l^jc. ^>l£A) Ai*j ^jl IaIj 4 3212! c_jLH ^ c_Luoja 
^uujI c > *1 ^A ^1 4lx*n j! (jVl j 4 ^£A2I c3j2l^A (j>» ^5^ 6 2 — 18 c —^ <2 

.^AaJLauJ! ja^II LS^ 



jAall) v_9 til 1 1/0*4 A4^ ^Ac. (Jaaj^ ^CjV^^aII tilLu^l ^1 CjlaAkH 4la^.^ j 4_ijjlj CjUaa.^ — 2 

^^^21 (Jxo SAiA^JI ^jAaII^ s 2 22/0*4 (Jja ^a 4^iAill 

l ^ ^ (Jal ^a j .Jajuj jjaII 4^jjai L_ila <Jjaj CjUaa2l &aaj 4 ^4_i^.LijaJI 3^2 ^23 4 jj£I 6 

^Ac. j^j-Aj^ajA ^ Aaia ~ >■ UlUa 4 4jjI jjjV i CjIAo^aI) 3 -0 l_l 2 j 2I ^a Jajujjjj 

(jg^t 4jaAi RMU JL ija*U 3 * Ju^ijjj 4 Single BB J Sectionalized Single BB 

. (jAa^i-al! Jl4_^Al ^jjjj tilLi^l jl 232 j 
4j1 a~\W Cjjjjja ^lAaJLoj! ^uaju ^ jjLajj V 4aj 4 4lixtijA l^ja 4jISj1I 4_a jAai-G 33^ 121c.J 

4Jajja2l (_£^.V1 CjIaslaII (j^asu AiLjal 4 1MVA (JaVl Sji2l CjIA Cj(^A\ ^a 31-^^ Ia^ 

. IaS 
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Jl Jl 

Igj 4j^al_iJ! cjUaslaII (JjaLujj Jill Distributors cjlcj^JI 4aj cj! a\\ jp jjc-JI jj4& jjjj — 3 
Jl Outgoing Feeders Jl c£U£ 1$Aa £ 4J4jjVI cALaJI j* Incoming Feeders 

£jj-JI CAa$ a *La4aJ JaA3 jj* (J ^^a (_£^juj 4 CjVp- 0 J CjIc j JL 4p^J V) 4_)Jj]| CjUaa»-JI 

^|_J_U-aAJ c^Ui (jjdj4jjud 4_judAJ 



: .yw~ jl a l^Jl &L& ^\j^-j 


4 *j 4 Jjl 4_la^J 66/11 or 66/22 or 33/11 44a. cJ^j^a aU~\a Jl >lia ^b^iaj J • 

JL aI^ja^ 22/0.4 kV 4^p jl 11/0*4 kV 4^p j cJ^j^a ^^Vntfnti J cillji 

. S4a.lj Al^JA^ SjjaVia 11/0*4 kV ^ -v 4 ]"1 *S X\ jLVhm ^a) 4 jj^lg’nuxill 

. JL2I 4_JJI ^^3 ^ KW ^ 4_JLp.VI Sj4a]| ( Jc. <_aajn>n ^jUL IJj 


22 kV Cjlcjjjl ^a ^c^pJI ^ (Jj.4ll Jlj4 ^ ^ j_Jj ^ k (Ja I_LJIj S4j4pll j4xJI ^a 4_j| Jaa*V 

j ^4 jJJ t-ijli'v \\ Cj>Ljl£jl ^a jLoll ^j^a^aA 4^pJI ( xij ^jj <■ Sjujl^JI <JLaJ^I JaapJ 
1 1 kV 4^pj 44jULa ^ JaiLJI 4_a.Loi^ (JjoaJ^ Ljjj (JLaa*VI t.J?» ^JaaJI ^1^ Jl£JI 5^43 S4l_j ^Jl lAI'a 

.JjISII J> S 4L3 c_jLai^» Jc. J 1 4 


I4jjjjl 4-k^All CJjuAlJI Jl jLlkl Ale* JL1I JJL JiLoJJJjujVI jjj J 

11 kV^j 4 jaju1! ^jj 5MW J! 100 kWjjj sjJI jjj La4jc. J 
22 kV^j 4 jaju1! ^jj 15MVA J! 5MVA jjj La J 
33 kV^j Ajjiiiill ^jj 30MVA J! 15MVA jjj La J 


*4_i]tjll L_Lai^. (JaIII CjlfLuIi ^)JC. (_)ajj C^l]j 

66 kV Jh^> (Jajj 75MVA JJ 30MVA Lq 4- 
132 kV ^ 200MVA Ji 75MVA j^L i 

•220 kV 500 kV^j Ja^ (JaIj 200MVA ^4- 

. (_£^a»V (j-* 4 *^3*^*^ t g\"' n" 4a ^xlalLj 

^ jLilk! \^ 1 a 4 (^ 1 li Axj S^JJ^ (j^pJ CjljUlk! jjJ pjj A$y jLilkl (jl 4 In^vyLa £-a 

(_)jl£j| I ^* t-*oj l jj ^4]I 4iLaiA]|j 4 J^aL<JI 5;4a11j ^jl j^-VI I4A jjljj j 4 Aj ^)l-^l ^b^ll \jjojLiLq Iaj| 4 jj^J 
. ^)Lnl] cilvLalVI 2 ^^" AjUui Luc.VI j-lXJ 42 ^L jl ^ > clip. 4 ^\\ ^jaUJ^)]| 

4^p 4^JjuaJ Sj^ll LIaj Lli 4 V-Ui jAa 25 Jl (_Ja3 Bjuaj aqW\a Jl 22 MVA 5J Jj 4JLa. J 

(Jaal IjUti^ JaA-a 4_a.LaiA A! jLna.1 4_pj JL1Lj 4 1 157A (^Lujj (JJlall jLnll j1 1 kV 

. Jl£ll JaiLall 4_a.LoiA (_)^5 ^)IJI (Jipaa 33 kV ^Jl (Jill Ja^, ^p Lx3j lil j£J j 4 ^JLlSI ^)Lj]| 14^ 
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jjlll JojJoVi ^}judC. <*4^1 (Jj^aall — £jl^)ll 


AA\ 


^jjxxa Ja^J l_Luj11a1I A^j^JI L—lUjg^. ^9 Ac.LujJ 4jjJaljj AAvlc. A2 *jjj 


:aJUI 41aUJI ^ L£ jLajLSllj L J5U11 


7 = 5.5 


N 


L + 


100 


I CjV^-aII 4_jjoij A_xu9 ^nud'v 1 nlc. (jj)^j>n A_L^a1I cAA ^9j 

c_i]^9 400 a^>> 33kV 66 kV ^^Jl*JI a^-^11 (Jl_u^jj] ^Ih^-Loj ^ilalU 

AoK"\l SaLjj Jlulljj 4 A_Jlc. (J^C. Jj CjV^aII £>A& ^-Alx^aJ JjJaA-o jjc. IaA j 

I c jilk^ es - ^ ^ J 

11 kV Jj 66 kV j. jlll kV Jl 33 kV <> Jjj I 41^1 ^ • 

400) Ag'v ^1 1 lkV 5 j-g ^jj 4 _^| 4_L^a1I ^9 • 

A^-^j ^g.Ax.tiJ ^aII^ ^C_i]^9 


J.\\ LlAVl f N^\ / Ca\j\jlL^A • Al\Vl\\ A.V^J.k\ 18.1.3 

CjjjLik 5Ac. ^jjj 4jjJabL&]| ^A A_illlSI A^JI ^£^Jjaixi AjA^jj 4 A_xu9 AAjjoq Axj 

:A_Jtlll aIIujVI ^gic. AjL^VI L_1^J diljlpJI aAA AjA^o!j . AJjAaII (_£A*Jjoi Ala^aj 


? Iav^v ji-ual ljV^-a a c.j a >. a A U>. A t\ jjj£ A^lj ^A^Iuoj JA 

LiAi33 JaS 


Jl 33 kVA4^ A^4$ J_^-a c > n < Cjj lilfl 

^Jj^aJjuo9 (Jj)*\ xlL) (JiaC. CjAa. ^aJ 1 1 kV A^ ^ 



/ 

Figure 18—3 K 1A >/ 


(JxAajSJ lilj 4 f-1 SIaJl-g ^)JC. Aokuti 

(_5-^ (jvL^ajJ AjJ^ A ^Ia^JjojI 
Aic. 4j£j (Jx ^ > °' 1 ^ 1 ^<v wi 

(J^jall ^^9 ^^9 (j£Laui (_^l cAjjA^. 

.3-18 


V4_iC^aJ| LjUaa^l j-uaj (jj|j Aj^uujjI! 4.1a % a j-Jaj (jj| • 

11/66 jl 11/33 AjjIAjjV) (Xjjjlll Cjlk^xi Ajc. L5 x-Ijjj 
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(Jaj (Jl^Ial JJ&] (JL^Vl ^9 (jl^oVl jA9 4£-^ 9 ^ U_ 9 ^ u' o 

. ^lx^o L<^ A^Jl Ja^j^JI j SjAaII AAaII 

Transformer Substations: a^j^\ cAk^l c\»*>%j 4Jhll Sjy^A\ ^ 

.Jl^Vl j%- J () TSl, TS 2 and TS 3 




CjIa^UIIj ^juIa^j CjV^^o CjIjjj'W ^11 L-jbcpjaiV 4_i3l£ 4 lv\ 4 _^Luo>q (j^£j ^j\ O 

•c^Vl 

(jjAjJ 4-lj)^ XJIA Cj>LjI£ 4 (J^.A]| CjljAx-a (J^.A] IjjalLixi l^LlAj^aJ (jl O 

(J_^kA 4 Jj)^ xti\ ^joujj £jUii ^Ac. 4 A->*\xAl (^ 5 ^ u3^ cjl ^-ojIa ^ g c., > Tn*n Ia& j . <_£I 


.Cj!Ax-<J) 


(JLa^Vi SALj 4jc- vIjAJjoiA Jjudjll] 4_Lli (jj£j (jl o 


4.iii.ki\\ L_4^\jui\ 2A^.j.k\ 18.1.4 

jLaui L-Ludjl jA Lgj VCJvLjI^IIj (JiLllI ^aJJ jl 4_lj]^A> (Jij A^JjI jlilkl L_LalJV1 (J& cillA AxJ J^jAJ tl^j 


4 tAHA ij^-^ 1 4JjoUJ^)]| (J^lal] ^jLauAI (j' ^AjIa JXiaAJ ^ ^) L jUlk) LajiA 


j 4 il^, ^ 9 j , 4 J^_jol 3 4 _jljj^a]| (_)^J (j>a ^11 c ** ^ 30 4 aLoiaj AxJJ 


^jAAj ^jj 4 4j£1a]| ^ Aj&aa ^)jLmk (Jsl c > n^n ^)Laba JaiJI u' c . 4 jcAjj ( ^jJaljlj 

£-A (_£jljli]l (_£Alij j l~ 1 tflumJI JjAali*j (_0Ll£il (_£A\aj L_L^JJ 4 lJli 11£^I (< jAaA^J (AilAj 4-^d^ CjLjaJJXJ (J^l 

. x> ^ jauJaUx^QJ^)4^ (J^.lAj C & iWj V CjljJa 
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(."iKjui ^}judC* £jtxJl Jj^aJl — £jl^)ll L-lLJl 

4_ic.jjj i (JL^Vi ^ nn'V ^_£^a]| CjV^^g bjJ& (jjc >l£ l_l^j 4jjIJjjI £JjjJ 4 ^jx> j> s-i\ ^jj 

c41^^j Usoacj JojujjI-JI CjL^I cil y^j CjU^U! JJic-j c Ji^Jl £jjjj CjL^I /jl u>>o\l 

. CjUj^xJI (jjj JaJ^)l! ^3 4 aKu.^II Cj>IjI£JI ^JaliLa 


a ^\1 wij a lt«v *\\ Ajjiju vliLo (j^^a <^Jaj t a ^\\ CalaAiL-JI J4 c« JuJi^j a \^j^\l &J& ^3j 

jajujj^ai Ig ^ II jjl^ 15MVA ^Jl (J ■ cj. (J£ (JLa^l (jl^ 4 j>Ij ^1 <Lqjoi jLa 4jj.l4l j)l 1 * ■ 

(_gjLoy 4 j^ju3I (JjIS J jUI jUi]l (jl 4 _ ? j*j l-l^S 33 kV jA £jjjj]l **' LS^ ' '^~“'-'ll 


15000 

I = — -= 2624 

V3 x 33 


SjjL^hJI ca>Ljl£j|j (js^l (3^ cl y* De _ ratings Jl cavLal*^ ^Ljoc-VI ^jLqVI cavLol*^ .ikl a*_jj 
. XLPE (Jjlau ^^J-a 400 ^1 4* bsA (Jj^aa cJal^ Ljjjudjl q\ ^Jl SjI^JI 4_2kj^j 


4j^lj 3>IJjj . Cal^ll IJa ^-Ic* (JlaC. (^1 I4 1^ (JLaa*VI ^^3 c . \ w L '"j k L< 4^.lj (_)a^ ^Ia^JjujI 

. (j4J£li 4 l^^k^ll 

Short Oircuit ^^aJI (jZjfluiA a^ljji ^Ac. a^u~\l cjIjl*^ aAI^j cj>LjI£JI ^Ja&a ^Ln^l c 4334 k ** ( *-aUJj 

.4j ^^ajoiaII ^ 4 ^JI Ja^a^JI^ ^pajjtJI ^3 Capacity 


TS 1 ,TS2, 4jc^)a 1I CaUa^JI 4 jajj 4jjojjj^ 1I 4Ja^JI % (Jj ‘ ^JJ (jl 4 ^1 L ,'l (j^oj UJ^Lajl 4LiAj 

. 4-18 Jiilt ,J 16 Ring A«k Jis Jc TS3 
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Figure 18-4 Ring Feeding 


? Radial/Ring k± s.jA\ 2uiki\\ is.i.5 

4 a \\ (j-o c_J 1 l_ 9 cil 11/33 4 jjoUJj 4 x\ 4 n'ull xn 4jilaj-<i (jV 1 ^ n«o 1 

c (JLa^J 4 jAsu] L_9 cil 1 1/0-4 4ji]ai^ ^ 4fl\3^sx>\l (j£LaVl ^liar3 (j! 

(JjL^aftLo (J^ ^x\~n3 CjIsla^j S^c. I^j AajLoJI 4j>Ij]| 4gli‘u ljj.ll (jl 

^)l_p Ajl^sUla 4ja*j ^ln^jjoa ^\a (J^a c 1-5 MVA 
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^a^La^ yCr- £jLai]l (J ■ *-»a\t — ^ i\ A\ 



1500 
V3 x 11 


= 78,4 


^ CS^\a\~\\ .la.1 Aau ^LjoC-VI D© — TStiflQ _JI Cj>Lal*^aj (jLd (J-oIjl-o 

4jAsu]| (j^la AaJ (j! ^^xLg 95 ^1 (Jja^aJ J3 (Jjl^ L_Ludj| ^j! .Win) jLjOC-Vl 

6 ^oK"\i 4_iaj 4JaLau]\j Jjj-gjj diia> 5 — 18 L<^ Rediel Feeding 


: l^-La L-JJJC- SJlC' ciilj l^J 4 0 Tjf->\1 



Figure 18-5 Radial feeders 


(J j)*\ a\\ (jc> JIjljj i^\ 1 1 kV Jt Ja£3 5J (J j)^ xll (JjajuoJj 1 


• vlj-a ^-vLx^al CjUIaC. C > )* xaOj jla j'X" (J^xZt Si SjjX CjliluiAl 

lat ^jju |^a (> _ 5 i L<^ AjujI j ^ 50 l£9^j 4fl]a'ix>ll (j! IjjJa^a ^la — 2 

.^ ) flla'i < o ^)JC. l*_±la li&j (Ji^lalj C_J>LA£j Ljajjj 4\ksiS 'La 4_ila» 50 

. *La.laJI ^j-a (J(JLa^J (J^a-xdl AjAju JjI£ ^ (JlaC- dijjJLa. — 3 
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jill <joiAiA ; £j| c_jU£]| 


4 cj)x>^x> ^jj clu^ Ring System 4ji?'^3l 4 j.33lA! 4 JLyla ^l.^Vnul 4jjjLaJI (J£LauJ! ^glc. 


(_]£j 4 3^.1^ (Jj}^ ^ J ^^3 4_iLk (J^ CJ^j^a 

S3^J (JvL^, 4jj3jU ^aJJjaJ CS^J^aW AC>JA^A ^JA (JJ)^k x> 

buuaA ijjj ^pJI Ring Main Unit, RMU J! 

A&'jjAy ^ (_]^ JaJj ^aJJ 43li (J1 A^j I ^3 . Ll-q 

^_3 (jjglua&La (_£3 aj 4jila. ^3 CS^j^a 

63a djc. .6-18 J<~^ La£ 

. L_jIAI 1L& i^ja ^tAI (Jj^aflll 




Figure 18-6 Ring System 


?A.iAA\ A.iA.kl\\ ^ ^A^\\ ^A^Lo l_Ajui^ <*ii 18.1.6 

^jjjuj c bj& ^Jjjajil ^ Ua LA 6 jjjjjliAj llajou^ Radial System _1) 4JLyL ^ ^L>oa 3j3^3 

(Jjjjoj ^^ 1*3 t y£~ 1 d\ v ^*" ^jj CS^j^a 1 \ (jA 33 c. Li 3 jJl^j l_l^j 4 j| 3 j . ^JaiLo L-iLuta. 

4 j 3 xj]| (Jj^a 3 4 _SLa. ^^3 CJ^j^a Ajuj\ ^)LlJ L Jojxa JjISII J JjVl *>J1 uj^ JjUl j jui 

. JiJjlII ^lc. IAa ^± a > ~*"' I.'-^_' 


^_9jJU j 4 4 ^JjoJ) ^ 53^j^q ^laLLu ^3Vu>n Ullc. Cj>LjI£H (j! ^^jjLAJi ( ^jj^aJL ^ixu-ajl! ^aJJ 6 LAaC. 

(j3l i 400 6;33 j)\Si (JxaV'i ^jWunj 300 vLix3 c CjV^-a]| 33c. 4 _j3ju ^ic. 4 jj3aj 

1MVA Sj33 S3^a|j-AI cjV^-aH iLJa^s i 7 MV A — *\f 3 X 11000 X 400 c^Lojj (La S;33 

CJ^j^aW ^ja 33c. (_^3ju ^jl (j^AJ bylaj ^*^4^ l^Jj33 ^ja °/o V0 (j-a (Jxi^i V 

CJvLoLl-q 4_iAJj 4 >>> jAa3 LAaC. l3A 7 "F 0.V —— 10 5jj3iC- ^_£^LjjJ 

.s^iic. ^ V3 j cjV^ 7 jjL^jj V Ujjs 6 De-rating J 


i (^.3^.xl\\ aU\a ^VjUJlW 18.1.7 

? Ai j Vi/ 

: CjUa^AI ^jlc-ji 3akjJ i ^ ^1 SLA jA La£ 
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(^J jjlll JojlaVl £jlall (Jj^aall — £ll^)]| C_lll]| 



Figure 18-7 GIS building 


CjUa^o j& lSjVI — 1 

Gas jl*JL aJ 
Insulated Substations 
)aa t (GIS) 

AjjAaII Aj (ja 


CjIjj£Lq ^ *- ^j) Cm 

(_)^Aj CjUaa^dl (^y& ^-^11 Ia& 
“18 (J^joiILj la£ 


^ i (Aj.3JXjoJIj A a^~1 

L>La. aJj^xaII AJa^-xdl CjU^-o (jj£j 6 A CjIj c^a (J^ ^ic. AlaJAj 

. (dJli!! ajUIL jlx!L aJj>_JI (Jj^aa ^aJjj Bays 


(Air Insulated ^I^JU aJj^xaII cj!^ x>ll ajjIalVI cjUaa^a — 2 

(jliAas (JjlxSI cjUa^<dl ^j>a Iaa L 5^-9 »Substations (AIS^ 

AxJjJ (Jjjjuj A3j . Lujoij Sj_u^ CjliLoi^j ^jAaxill 1 ^ SAuu A_Lxa^oll AHj t 

. (Jj i^aAll CjUx^gj c_jlill C5^ (A-^jI^A A_ajlc^ CjUx^oII U -0 ^15^ (_)^ c_j 3iP*3 J l3^° 


5-ijjl\\ Ajl&^a jVaIaA : AaAjujA\ <A^j.k\ 18.1.8 

(JIaxLojI ^)j£j S^JXjL-all (Jj^aAll CjlLaa_xa ^3 ^jl_uAa 3 ^j>a SJAxAa Ic-ljjl ILojj 3 lLiUjII c_jlill ^3 

: LoA JaA3 ^jJC.jj 


5 


jLu Uali 





33KV J . 


11KV jW L>*W 
AjjJU jLaj J-iali 


AjLJl4 

Figure 18-8 Single BB 


jAj 6 Single BB J! -1 

L£ ^Vluu ^UaJ JsjujjI 

J£i) sld ji UU±* ^ 

A-La^a Jlxaj <_£aH (8 — 18 

(_£Aau cilia, w A_iC^}3 £jjjj 
. Aa.]j ^joUJj AJaa^ll 

cilb C_JlXJj 

Alla. ^ Aj| Cj>lu-£ajl]l 
(jl n>i3 (J^a-xdl (JJaC. 
d)C. AjAiill ^JaAij 
.(JLia.V( 
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jJbj Lo^-Lq (Jj)*\ (J^ 4_*_UJ fl.WlJ ^aJJ ^jLoJI ^3 (JlxL^vU ^»t2l (Jj^oaII — 2 

^Jaxj ^sjuaiLa Double BB ^al-l^Jjail (jSlXU Ljajj^ ( A 21 Ajtjuo (j>& VO % 

.(9-18 JS*i) 0^> </ 


^aj -* * 2 Ajlj 11 1~* >1 \ ^ . \ w i ^i v^ot l ^j\jj A_aj3 aIaj l*i*>\1 


|j& 


3_ulu a 


^jj BBs 21 .i2 (Jlac. ^3^3 aJU. Ljajjj .a21c. aj^Luc.1 ( ^a*j 12kj . 3^V1 (J21 ^il (JL^Vl 
^UaAjl Spa ^_^a ^Ua 3 jai 2 l 3^5 J2 ajj (Jp-Jull ^a aJ 34^ Uxu>i 33^ ^3^V1 ^1 (JU^Vl (Jaj 


.AjAsuII 
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: Lo ^ja jJaJJ £Jjj2l 4 -a jlaJA 

. Distributors cAc/^l -1 

CjV^a “2 

'21 A^-aJI 4 ^Jjoi £A 2aJ^]|^ 4 RMU 21 JaJ^ll d)l_2k^] ~3 

^_j^^2l AAI^JjAj ^ 1 -^2 ^ 4 


iUc. 


CjI^JjoJI ^)j^aUc. 4_>2 j2 J12! Iajjj 6 (Jj^a2l lAA ^3 ^"uu^p pJjai (JjVl 4 j> 12I ^^al_l*JI^ 

S^j^aJ l^JjuJp ^3 $.a2I (JjS 4JLjL 2I ^)j-sal_l*JI ^jc. 4 _aIc CjIa^ 1*-^J jx^'Vi'N a L-AJjju ^ij IajS j .4 jjI^JI 


.a iln^i 


^^^ s^2c. csAi * Distributors cjlcj^ aII 4^^1ai2l 6 ^a ^3 (JjVl ^>.\\ — 1 

■ ^ 'vj Cj\jAjla]I C£L!£ (JjaLuoJ 4 JojuojjaII A^aJI £jjjj 4 ^Jjoi ^A ^JaAJ (Jjl ^Aj 6 Jajujjl2l 

jjjjjl! CJ^yunl 4jA*j c£U£ I^ja ^aJ 6 4 jjoUJ^)]| (Jj^a21 CjUaa.A ^ja ^ U, y * 

. ^ Ljajl Jajuj jJa AjjAaII 

kVA Jl ^ja CjjjjAc. 5Ac. CjV^-a ^Aj ( £jjj21 CjV^-a ^A ^jl2l ^jj^alaeJI — 2 

3*3 ) AajL 2I Jajoj jjaII A^aJI ^xA (_£A2 A_ia»2 ^ lAA^ (jjSxij 6 1 ()MVA Jj^aJj 

.cJja 400 ^ ^ uj%j (kV - 6.6 kV - 11 kV - 22 kV - 33 kV 

^3 CjVp^t 21 SSjAall 4_ajS ^^A (Ja2I 4_a jiaiA ^A SA^a^2l (_£^a]| CjV^a-A ^jc. (, 2"^ ^^A ^1122 j 

1 )>>ijl 2"^j (MVA 21 CjUa J! j 10 MVA ^ja Iajj (Ja2! a^jjI 
(_£^2I CjV^a ^A £_2^a]I ^j2£J ^^2^)1) ^j^aj ^ 6 IjjJaJAA Ua CjV^^a ^jc. CjjAaJl 

^jUI C_jIj£JI ^A ^2 ^21 CjIajIxaII ^jAaxjJaAS IjA ^jAa^C.Luj (j^ - n^lo*i\l Ajjj (JaI 

.Cj]j^Ja]| ^alAallujlj ^2^21 S^isu^a CjV^- 21 4jL&a» I^aAIj 












(.‘AKuti ic. ) ^>bc. £joA 3I — £-jljll C-jbll 

cjV^-aII 4j5j ^jjjj (J^jjj Jaj^]| sa^j (s&j RMU Jl cjL^I ja 4_ajIviaN ^ <a 31!3I j^^*II — 3 

(JaC. ^A 4^aLola1] ^j>>o^v \^W A^JI 4^Jjoi c3bb£l l^j JaijjJj . Joju^jIaII A^^JI 4_^. (jA 4 ^Jju3I ^A 

.3aJJJJLJ CjIj^Ua 

(jj£l^ju3jj Cj>b-ajA]jj (JjjjaJlj £!>jVI ^sjJaJj 4_Jjjj^JI 3ajudjJAll 4 ^Jjoi ^jA £j]j]| ^jj^aAaJI — 4 

. ^3j (jC.jjjk-^31 CjLjuIaj 




<wU*al 9.1 


lAA £2kjJj 4 4_llj^£JI 4 _ajJoIa] (JL3I O-b U^ %50 (JA JJ^I £jj^3l 4 _a jlaJA JiiAJ 

i3Lai£Vjj CjV^aIIj Cj>IjI£JI (Ja jjj^ AAc- ^AVn3 ^JblLj CjIjIjl3I £Jjj3I Cj1^u~i ^^A Aj^.a31 (j^alfl^M 

Jjaiflj lAA j 4 (Jj^\^*Kma\\ 3JJ-saj3 Cj>tal£]| (Ja 2jjj^ (Jjjlal ^Ia^JjujI SjjijjJa 4ALjaVb 4fl\** l i'S a\I CjIa^aIIj 

. 4jLu-^]lj (Jjjtjaulij L_u£j3jj ^JAa^jII <-** 9)A £jjjj]l 4-Aj IVi a j 4 j1_1*JI 4jaAI 

4_2wLola]I (JaAJ ^A ^CjIAjlaII) CjIa^aI) aIac. 1 ^A jA (_)a3I ^J^Jjoi (jjj Cjla>Li^.V I ^aI A^Jj 

£-!jj! (jA CjUa ^jJaJ (jA jj£I ^ 20 >^a l^Jjla 4 _aIj*^. 4_^Laa ^ A^j V Iajj (Ja 3I 4Ai .4 j3]j*_^J) 

£jjj3l 4 ^Jjoi ,W*Hn 4j^xti 4 jjAa (J^Ja 4_^.Luia]| aAA (jjofij ^A 1 a nj . A^j V AAj 4 SAaJj CjV^a 4 a Lajjj (Ja3I 

. ^£gJI 4 (J^lA^ *1a\I A^aJI t3Lol£l (JA 4-JlVVl J CjV^aII CjUaj CjIcjja]| CjljjalC. ^^Ic. (j£^±^J 

4jjAa ^^j) JaA£ AaJj j^ja ^A 4^Jju3I oAA CjLa^a] ^ ^jjjj X 19 (J^Ai 4-iltlll 4_^^iS|j 

4^jjoi (J>L^ (Ja 32500 <^a*j ^jjA 53 (jc. 3 jA x,t i < a Ia^a 4 s^aIaII 4Ajaaj 

.{jAIaI! 4AjAa (jAjJa JaA3 A^ij ^A 4_1^ ^AAj • 2800 ^_gi| l^Jjla ^JIa^.1 3 L 


: (JA l^nAarl Akb ( Jj^a 2500 {^Aiu 4 53 31) CjIcjjaH fiAA 
4 aIAjoiVI CjV^-a 4_la^A ! ^Aj 4 L_9 cil 11/66/220 A^^» (Jaj CjUo^a) (Jjj^j CjUo^a 3 A Ac. # 

. (JjjjjA Jgx^o CjV^-A 4 )o^k AJ 4 (_3Jju3! CjV^-a 4 ^ AJ 

! CjV^a CjIIx^a ^Aj ^4jj1ajj 1 £jjjj CjUo^a) 4 L_9 cil 1 1/66 (Jjj^j CjIIx^a 8 A Ac. • 

.4jjA*JI 4juIjj 4 jx>»^vVl (J^JI^ 4 4Aj3|j 4 4 AU^)j 4 jA-aj 4 AjAaj 4 SjjaIIj 4 ^J^AaIIj 4 S-ijAj]! 


AAc- Aa^jJ LoS 4 ^4_x^al^ ^1 4 jaj^^. ^jj^) (J^Ia a)^* a 4^JjoJI gA^j SAj^jaII ^2500 31) CjV^-aIIj 

. SjAjLia gjlbl! ^a CjVj )^a c3Loi^l (_)^Ia (Jj^-a 361 
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Figure 19-1 4jj.i<a ^ 4< u* diU j£a 


. 4_a4Aa 1I a4A ^3 VU^j IaUjSA £jjjoll 4 £jja ^jjasUc. 


^aI (J \W \ ^jjjjaIuj LoiSj 


£j£ll U«ij^biI jaaII 4»^al» J^l J iniylll9.2 


Distributor caU^U 19 . 2.1 

^ja 4x-j) a~n a 4_j4aj (JjH-ula ^jja (J^9 6 Jauuo jHaII ^ ^ 11 4£jjoi ^a £.421 4 ]nfl > i ^A ^jjAlla 6 UjSA Ia£ 

CJvLjI^ JafiS Lojjj t 4_juoAj ^4 jla (_)^J4 CjV^a Wj; ^ V L_2l*JI ^9j 6 4 j 4 Aij>. aII 4olV^\l CjV^-aII 

. 25 kVA Sj4£j 4a 4^. 2l^J 4^^J CjIcj^aJI (J^asu c2Ua (jl£ (jl^ t (Jj^^ Jajujj^A ^ ^ 

US 4jjojL^ 4 (jljjJaa (jc. jll 1^ x>i* JJ 4 L^aH a Jajuo jja ^ £jjjp LvL^, ^ja 4-C-j) a~n a VI (Ja2 ^j^aIIj 

\j>UJ 4jfljfl^\l £^aJI LS^ ■ IhaJa Dili's a 4»jJ^ ^Jaj (_£4ll 2 — 19 (JSjoiII ^3 

JojuJJJA *N CjV-jIS ^AC- 4JjoJJJ^)]| CjV^aII CjUa^-A ^JA iutfSJI Sj42l JUaLojV ^4VhhJ ^jja]|j .^jjaII 

.4jj]1La -t >»j CjIj4£j 4jjj12I CjV^a ^Ac. I^jujjjj 4 oh-v ^ CjIj4£j 


! CjIa^a 54c. c£LaA ^j^aH ^j_iA (_)^A4 jj 
.( ^jjaH) ^j)$ 2) 4_s^l “1 
cjIjjI h\W j cjLjlkJI j 6 ^^ cjIa^a — 2 

121c. j CjV 1 )>«o" V1 4_AjAaJA — 3 

^ja 4jlij2 ^c.1 h^>11 ^V! cjIa^a — 4 
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(.“iKuti 1C. ) £juAlll (Jxxaill — C_jUJ 


• ^-IIaIIj ^)x^al*JI (Jj-oj UjSi US C5^5 ' 


( ) ^ij^lW A.±y\ 19.2.2 

Aj^j^. CjIj 9 cg-^ 4nU 1 j>UJI 12 — 19 Sj<) x^ill ^ US SjjL^Uxi UyU. (jjSjj 

£._Jaj J)j^ ^"l ^aJJj . l^J Cj>LjIS]| JaJj _uJ (Ji-joil ^j-a (jiajVl ^-la_ uj ^j-a L_alS ^IajjI 

£. Jaj tillA] 6 ( ^ 5 _Ua]| (J^U CjIAslaI] AS^pJI 4-y^ (_jiaj Ujj V <■** IJ'NJ L_S ujUAI JS jIL 

^vLx-saVI CjUIaC. c-Ijj) C oU\1 ( j>* AjUx^all l3^ d)S-QJ C5^ W 4fl t«oyU jj^au ^iL^ill 

.S^x^lI) ^3 US AiLuxall CjI (JU.j|j 4 \j)£ i oj AjLu-^olij 






fcui^ j’ 

1 ^ L '--> S 
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5 ? 

5 ? 
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JaJ j La^iLi ^g_ 
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ww 
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ZiJ* ] ^ L 
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Figure 19-2 -cijj^j ^jj>2l iki^ 



































i~ ihl ^il\ CjIAslaII ^j£IaI ^jc Iajju j l_1j^JI AatiA j Ajc^aII^ 4jjujjj^! l_s|^jV 1 (jc Iajju l^-x-Aaj Ixiajl ^cjjjj 
AjUajujI SAcIA ^gic 4_a^l]| . CjljUJI L_ujljjj l^cl^jL ftUxJ! L_ujlj! Jajla'V <jc UaUj! i^A<j 

d^LlfLil * j'l£ >“ L-ajI ^ajjj i ojIViM' CjLAaC *Uj! £>Ija]I ^ja l^J 4 jIa^» ^ IiaII 4jjJajl (J^^Jjaa ^jc 4 jlAjja 

. CjXj1£]| ajAaj] LvL^J) (JLjj) a^jj l^j 4 _ij^£]| CjXjIUI Jjj^a jj aJ^joJ (JajuoI 


l UvL^JI ^ja ^I^jI &Ac cs - ^ 4_a*^] 4_-alc 4jL-a_ij 

(J^a L>La* £ ^Ia^jjoj! j^xi ^ jjLaJ!) L>Lk — 1 

L>La* A jjLaJij L>Lk — 2 

Bus section, BS JL 4 ^U> Bus Riser _U LaaJ < jU^I ^\J jjnU. -3 

l$j a^jjj :(Bus Metering and Bus Earthing) S;IJ! ^Jjj ol_uiUll aAl -4 

V LJLc 4_jV SjLJ) aAA (j joAj ^^ic lj>La. (jAajjcl (_£Aju S;L4J VT (J^ 2 ^ 

SjUii Voltmeter s)$*j l$j a^jj u*Ua£ . aoKM i JJaj] Outgoing JS1 _ um VT a^jj 

. S^14J AAj^juj Kj ^ 

^Auxiliary Transformer Oubical) a ia^ a\ ac 1 _juja]| (Jj)^ a11 4_jA*j 4_iLk — 5 

A^ 2 kj JaA3 l^ilc Ajjj 4 jaI*J) 4_ila. IaIaj 4_j _jAj Ac I_ uiaII a!1 4jA*A] 4_iLk 

. Jja^oll 4 j<jiKja\1 ajIajIL a^UJ auxiliary/lockout relays J) 

kV 1 1 _11 (jljjJaS ^_lc A»j£ja (jj£j SjAaII (JaIsla jjaiVi CjIaj^a A_jA*j Aula, IjAsj! Aaxp - 6 

.Iujaj aaaAj 4 Capacitor Bank Cubical <. 


:cj U^Xc 


SjaIa Ia^ja Spb caIS (a! ( BB_S! t. g^ , i ^Aiu S^Ia J£) Jaia 4 ja*j ^^jjjIa c^IUa oj^ SaIc. 

S^Ia S;Aa (jA ^j^aI] 4ji£il JIa^V( c_ul^ I a! IaI .^jjAll (jA sIaxaII (JIa^VI (JaI^ 4jaAj 
^jjaII Jj^aI) IjvL^. A Ac- j AjAju ^)j|jA ^Ia^j_uj! _x ^aJAj (jli SA^.1^ 4 _jAaj 


. 4ju 




Aic 4 jj|jaj_ujI ^jIa i>>il ^jja]I L-A_x^aj (jljAij Ia^Aa (jljjl CjLAsla AjujI (J_• 

^jja]| v_2_x^aj AjAsu (j(jl (J_AaAJj c c_A_k^aj ^A (J^A.a]| CjLAjla ^ja ^A (JJaC (AjjAa* 

Afl\" a CjV^a ^ja j! 4 AaIjAa AajIaAj! CjV^a CjUa^A ^ja IAj^j c** n^kj L-A_x^ajll ^jc 4fl\" *s a 


- 4 aII ^joAj Ja.Ia 


.4AJaljla.Vi U>LaJ) liljJaA ^[jA AA*J jLuoa lAAAc U>La. # 

BUS Coupler 4-lajajj^J lSLA ^jjajuoaII ia ^jjAjujA (jA (j^^A ^jja]| (jVj • 

(jLj_Aaa JaJ^l Coupling CB JaJ^l) 4 _k^aLa. IaAIa^J q±iAL (JA (j j£jj ^^aJI 

cjIjUII (JIa*AjuoI JaAa l^ja ^jj IajIj t CB l^j ^aaj c Bus Riser_SL ^ax^a (_g^kV )3 
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1C. ) 3xix £jujUII L-lbll 



Ixi^ (jlj_jJafl]l (_£<)~ juixa ^1 ^JaULj 4 j>^iLaJl ^ 33 ^]! C_9^)Ial (Jfjfi-uiA 3 -a £Jjj 4 ]| (jb-jJaS 

3-19 J^SJt J 

(J>L^ 3^ 33^-^ b>L^ o£ 6 (^jliij /l£3 *^) — (c5^>)4^ /^j^.:-) Interlock ^3^3 slc.!^ l-l^jj • 

.Bus Section J! 4_ik 






«* 

<ul^ 


£- 


jJs'j ^ 



2uAi\\ cAi^* 19.2.3 

3-0 — Cipi 3-0 ^33^, 4 -ilk 3I 33^.J 4 x 1 k dulS ^33x1] I bvLk 3-0 4 jlk. (_)£ 

:4-19 L^J> ^ L£ c£b 

4jIx^J|3 34 _^J ^>>>>"3 110 ) 3 ^afcklxi]l ^ 4 ^JI 3 ^alk 3 A 3 I (j£ 3 l*JI ^juoa]| .1 

3 AJ c^\13^3 4 x 34 ] IfiSj L_u£jj 3 ^x 1 3 I 3^3 Lkj 3^3 • li * 3 V 1 ^jxa]| .2 

^JaAxa 4 _^.Loixi dill3 4 flli's xa Vt^juil Jdb 4 jjujL^J 31 n 3^ ^)bc- ^A ^xll (jbjJaS 4 j>lk 3x4 

. ( x_xa L^JaJj (J^ 1 L 'J AXj^laJ 4x33x1 3 j£j 3 ^xUxu^aoll 3 Uti*\ 4 fllik x\ 


(J 32^33 < 44 ^ (J 3 =^ lxl£ 3 33 ^*^ 3 -salk (jlilxl 3 A 3 * ^juoaII . 3 

•J 1 ^ 
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j£ll ; £j| jll L-lU^ll 
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Voltage Transformer 


MV Bus Bars 


Protective Relay unit 


MV CB 


Current Transformer 


Figure 19-4 £ ^ 


Incoming Cubicle kAL i \ f L\± cA^A 19.2.4 


(j£L3^ > ' CalujIj 3aflS (Jxoj ^^Ac- 'll 4 A 4. 


• 1250A A*juj MV — OB Jnm jIa ,^'V jLp ( xJali — 1 

A^Jjolj 4 list j^q AAj^juj — 2 

(JjxjouSI^ (Jj^aflSI ^)j|jJ (Jjauaul ^aLoia]| ^)\jo]\j (J-gju ^lill ^)j]^ — 3 

300*3 J (400*1)*3 c±*a c£U£ -4 

3-phases-SI ^ Phase ^ ^ ^ (5/5/400 ) jlp " 3" ^ -5 

. ^LaIIj AjIbi^SI Sj^l AjAxjI 

jLnll (JjjUaS jjxal " 3" AAC- ~ 6 
11000 ,110 ,110 t „ Q „ n 
—'if /vr^ J -^ 3 ^ “ 7 

4_IIaA 4_11aA AAlia ^l^c. — S 


- ■ lajV I 4 ^3alfl31 £jJa^ (jj^a 9 

^Jalall _)j ■ ^ijjj _). 4_Ila. (jUj CjLia] — 10 

‘ AjLaaJI S^aJ 1 1 

_)Lnit sjL) .ua aJu*. Over current Relay • 

l_ 1 ^ 2 : AAa 4jl»a. Earth Fault Relay • 

^UjVI jUi3l si-i) aa= 4jl»a. Directional Over Current Relay • 

^UjYI (^jVl Ajjjouil AAa 4jl»a. Directional Earth Fault Relay • 

.la^o C j j ^ ■ A jV I 4 <4l^3jqjl • 
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ic. ) c_j12I 


Cubicle Outgoing SuA^ CiU*i*\ 19 . 2.5 

:4_J12I jA-aUaJ) ^gic- 4_ilk 

1250 _jl 630 4jt_joj Jajuo jILq jtp jJali — 1 

^^gjJajVl _jUj 4 \ks-i j^a 4_jj^jaj — 2 

^Jalfill ^)j|^.A (Jj* >~i" J (j^aLaJI ^a1uj-2I jIjoIIj ^21 ^!i*^ — 3 

2^L 240*3 jt 150*3 l**Liaj £j>l> c£U£ -4 
j^Vu jUll ^Ul jiJ" 3" ^ -5 
5/5/200 uj^ s-AUJ) Jja^o 3 —6 

4 ^jJaj ^jAlAj ^Jalfl]) £jJaj ^jjj-a — V 

£_laUi]| (Jj^aS 4_SL^. (jUj CjIia] — 8 

I 4jU^J! 5^_a.l — 9 

jUl! s^Lj 4 jU^ Over current Relay • 
L ^Jl\ ^jjjojj 4 jU^ Earth Fault Relay • 


^ Directional relay ^ i jh ^ VT J! V$ 3a& CT ^ ^>2) 4 ^ J^V 
^ c2jjjuu2 4^Uall 34c. ^Ac. 4 j\-v \\ cjjj^. 1 13 VT l^j Jia^j ^ CjVI^> ^jj^4 


! ^ij.\ 4- Avv b^yl . euW^k' 19.2.6 

:42121 CjIa^aII ^gic- JjVl (jjjpL^ Jaj^U qIiAz*. .i^jj 

1250A 4juuj ^Jalfill • 

^jJajVl L_Jjjau]|j jLnll Sjljj AjJa 4 j^3j J)L^_^. • 

. U^4 La£ JaAS CJjL JIAjUjojI 4_ilk 4 j3j]| 4j\^ti Lai 


s\o\o\* 19.2.7 

4_a^l ^JaJ (_^2I 5 19 (J^joAI La^ SLD Cjlcjj-all CjU^Lj 4_x^aLiJI 4Akl2l 4 _iAa]I (Jjj^ali2l ^AaJ Lajl.4 
^ 4_^L 4 jAsl-2I Cj>LjI£A] (J^.4 LvLk Oj^ LvLaJI a4A ijtj ^ Kl — K14 ) 4_iLk 14 (j-a 
K8, K7 (jhj'^ll 14c. La 4 4JLlai21j s^joluaII cjV^-aI) 4jaju 1 L>Lk ^131^ 4 ^ K5,K6,K9,K10 

. 4^11 (JjoAJ l^A L>LaJI • ^jljjJa21 Jajlj (jvllxua 

<■ ^ (jtllx^a6 J 5 4 4_>ajuJLo (J^^.21 2>Li. ^jl (jl j 

JaJ^I ^sJJ V (j-a ^jl2l 4 gx^i3l (jljAij (jlHill 10 ^9 ^jc. 4 fl\** l i'sx> 
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<jj ; j^jl jll '—jUSJI 

(J4J JaJjJ L>La. jl L-kajI Jsl^V .4_*A^JI (jc. (_£AaJ jl ^Jl-^ ^ VI IAjI \n 

• (11KV j 400V) 4a)n \ a \\^ S-^aj-21 cjV^-aII (jjijj ^jj-aII 



Jkb 



(j-^VI ^JUdft]! \j>La, (^A^J (j-Q SlAi-a CjV^-A 4-C-j;^~N ^ (J^ (Jja-^ 3JJ ^JJ2 Rl f)Q (J^jal ^Ac- CjV^-a]| (JjXrfOJJ ^aJJ J 

LgjIJ I^jJA-g (jjflJ Switch _J «>g m (Jja-^3jj]| ^aJJj ^obVI ^judflll ^3 (_£^kl 4_lLk SlAi-a CjV^^q 4x>j)x\~n xb 
Cj>Lj 1^1I ^ (JiaC. jl (jjnl's'l b£A^I ^ (JiaC. <Aj jA^ AJL^. ^ VI Jjlau V J ( c ^^>Vl x >' l A \f \^n ^xuab j) 

. ^vLx^al ^aJJ ^Aa. ^)Ln]l ^IjALaal (_}aA (j-o CjV^-aII 


:*j$ll &+*i QUAil 19.3 


:cAjj\AA\ 19-3.1 

4jA*Jj i ^JsI^aIIj (Jjj^aj^jj (Jj^aflll CjIaLq AjAxj <A11a£j L_LuAAxAI Cliljillj AjLo^JI S^-^.1 jIa^Ij ^ajjjj 

^jlj Lolc» .^j^]l (jc- a^-^JI c_jI^_juA| AJL^. ac-Luj-q (j-° ^l£^ 15^I < *— 5 ilx<A s^U-ial ^ AjIia] 

:C_AjjUa2] A5 Ua 

(Jj^aflll CjIj^o ^Ac- C t lni\ CjI^Ijuj 5_9 SA^J^ 4_Loj (jjj J jj* x^o ^jJajjjaVI IAj-aC^ I 4jjJax^. • 

.Cjlcj_5>AI (JxjlLujj V LAlc^j 4 C_il^3 12 SA^yi 4jjUa2l A^_2kj t 3 ixAnllj 

^a*JI A^_^j ^a^jjjlSI £^21 LgJjujVj VIa^AuiI ^)j£VI Aluj Y * ^1 (Jj^aJ (> _ 5 -Aa]jj3V I IAj-gC-j I 4_j jls • 

. 1.2 V 
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ic. ) £juAa1 I C-jUll 



. CjIa^1*_a1I q a AjJ)a] ^ JjjVlll CjUa^A^ dJM L_]Ull CjLjjUaJIj £+\j 14-la j)*\\a 


( ^^l\\) ^VjiA\ 19.3.2 

^Liji jl^i Batteries cjLjikJ) ja 


220 v 

- +— 


C 


^ T^_ T LJCILLd IC5 

]— » \ i ^ > [-h hii-] jj ~ 

/ protection £> -t^ 1 ^ ^j- 51 ^ 

^ f devices * i a /4 t Na k\\ *mm 4 . a 4 /i a N11 / t a« 


/C 


J-j~^ ^ ^Li ^^Llui jLs_i! 

Figure 19-6 


J%L ^ja ^A*JJ LalUa 4_jli^11 

4_aA3J) 

^ja 4jAslj 1I n.o~ 4 _aA^JI (Jj)^k a 
6-19 L^J» ^ L^OLjUaJ) 


(_)a . CjUjUaill 4-3 jJlj 4jc-al^JI V - 19 (_]^Aj S^jL-all Ua^, ^ja ^)J^I 



Figure 19-7 ^jJ-M 
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jill <joiAiA ; ^1 jSl c_jU£]| 


l_A.^.juu\ ^iA-c Vx 19.3.3 

! ^AtAI j)^ *AI ^Ac. (J i ^otl i ^ urn /ja jSbll (JjjuauSI ^AaB ^JijjjAl 1z\\ (Jj^aB C 

4-l^jaui Jla.jJ V A_j| ^^jxJ 1.1^3 lAak, ^1 AaJ ^aS IAIA 6 4 U-v ^\\ ^k.jAI CjL^i^J (j-alaAl (_£>ta^}SI AjtaA^a — 1 

.4 lv\ a\\ (J^a..AI CjLjJljl^ ^B 

(Jjj Ijl^B (JjjuuaJ £jJaj ^B ^Aaliill ^ ^)lfta-al l^JI -^j lAli 4 li-v *\\ (J^-iSI CjIjAx-o CjIaI AC- SsJjB — 2 

. (.^ 'nAI c^U. nM AAlaJ ^_ajujj) ^ajla. i > ^ ^ 4 L«v a !\ (Ja-aB ^3 L—LUjAI (jl ^Ac. c^HA 



(A! 


I^C-Lo . ^XViSI (j-o jUadjl (jjA ^j)jaAI CjUAsl-o (Jj^aB (Ja*-JuSI (jjj.Vig x> ^Ac. AAlaAl aA& 

^icj 6 u,h Lgj 6jUa.V ^SaaSI ^jjjJL^aj JL-ajVL A-Ac. (J-i»-AiJ £_jJaj ^ ^^JLnS CjLaJlaAl <J^a»* 

^LajV aIAxjjuA ^jAc. (jjfi j_^a.jAI CjLAslxJ Jl^aAl CjI.aI.Ac. A_j 3^ gjj-<Alj (Jj»-JlA1 

. (j£^kl 5j^ (JLaa.Vl 

XnMI juVig ^ ^jjj^aiAl .ikl A*j Cj 3^1I (jjoAJ j (J^k-lSI CjUax^q ^Ac. Jl^aAl A^IjSI Jbu 3 

^aJJ .Aa.1^ 11 kV_!l CAj-Ix* ( xAa|^B (Jjj^ajjj (JLaa.VI l^jL ^ jAj <jl 4_Ac. 

. (jLAj (Jj» xTiSI 


CiW^\ 19.3.4 

(_£^j£JI CjIcjj_AuA! ^B 4 AAjjA] AxjIjII A-^LxAI Aa_judjj>AI A^-aAl dllc-j^o Cjla^ (jVi ^Ja, A_^j_joj ^aJ Lq 

L^jc. 1 ^lAI Cjla^ill AAila^]| C-Ua. A_1jojj 6 Aj A_j^ala. A_a^l ^jjjaui (_)^ 

. AaflB CjV^a-o 5 jl 4 (j-<» vlA-a (_^Axxi _JuAli c L>LaAI (JbI (j^ 

l LoA B^a.j 4_k-alaA! AajujjIuAl A^_aAl Cjla^] 


^ ^jjj Automatic Capacitor Control System, ACCS cjIMJL a _^Lk 4a^ -1 

a_xub L_Laiaj 6 Reactive Power_Si a_xub ^jAc. I^Uj UjIaIj cjlgi^Si ^jaj (J^*^ ^ ^vAl l^JL^la 

. Setting Al aA^ Uu>* ^ASi ^aJI 

a^Ajj Automatic Bus Transfer Scheme, ABTS ^ jujJ S^ 1 i /\S i _^^_^Ai_i A_k-ala, Aah^S 2 
ABTS Ai AiJa^ . 0 ^\aW ^Ji a^jS ^ sjja^AI Automatic Transfer Switch, ATS Al 

.L^Ujjj! (Bus-Couplers) jln^aSi Aajlj ^ J a ^ 


^A (^lASI A^_a. ^j) c"n^wj ^jjL-alxi 33/1 1 kV CjV^a-Q 3 >\j>i (j' A-fljJa^SI ftA^ ^JjoAj 

Bus— SI (j-a ( 2 ) -^-Ac. Lkj^iA c 11 kV_SI s^L ^a a\>.A\a Sections >C-aj-o 

(_£^Ij4SI (j\\ks^\A ajvIASI cjV^a-<AI (jljAl l_AI*A! ^_ 5 ^j 6 aAvIASI Sections_SI <jjj Sections 

Short— SI jiaAS t^lSAj c Ij^iLa cLAlASI Section_iS ^^*-0 ci_A\ASI (J^a-xAl^ t (^ix-d 1 nj BS) 


. 11 kV Al Jk. circuit Level 
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ic. ) £juAa1 I — £-jljll C-jUll 



i 4_1 k-a3 ^aJj (_£jlj4ll ls - ^ (jjl i>l<0 J'&ll (jdJjVl (Ja (Jj )*\a (_^l ls^“ cJ-S^ c ~VW ^1 .A 

I^aIa (j^ (Ja! 1 <^1^1 Bus-Section _11 ^f^plAj^y^l j^li-lL ABTS 

. ^as Sections 3 -SI L*a L^ul ^ajlIaII cJj^ ^ ^a 


Jl ^ ^AJ_ uo3 4 (_£jljd]l C5^ CjV^-aII CjV^aII CjjI _k^aj (J j_ ^sAaSI (Ja!1 £_2vj ^1 . B 

Short-circuit Level _!! JJ&l Ji^A Ja^aI ^£11 Bus-Section _!! ABTS 

.kVll J! 


: taailj^U | JAaJI ^ ^UJI j*Oi*l\19A 


1 .A ^ 4a 1£JI^ . ^8—19 L&a) Kiosk ^jaIj CjV^aII tiSLo^l <._9 ^*j 



Figure 19-8 


Ring-main: 



MLVS 


Figure 19-9 


:(9—19 cJ^ 1 ) 3 Cja uj^ j 

Ring main unit 4ij<~ -1 

aSI Ak^t* —2 

MLVS IaII ^-aiS 4 JjoUJ^} 11 ^jjjJjll 4_S*^1 4Aj£, “3 


A g y ^)A RMU -11 (JjL^aJJ <■** 6J-1C. ^1 ^A*N A AjJxj] <^Lal£ll J 

J>L^ ^ja (_£^J 4j\^j (Jj^aJJ ^1 (_£)^1 RMU (_£^»V1 4g'sll ^jaj c ^jjaIIj 
A^J l (Jjj)Vn ^ajAJ (_5^1l Jj^aIL RMU _ll ^ja JajuojVl ^'IjAaII (Jj^aJJj 6 ^jjaII 


(j>ig^ "iaII ^ 4 ^J 1 £jjj3 4_a>^] 400 volt "iaII a^JI ^1 11 kV Joj^jjaII 

. lg*n^3M *\jJi (JL^Vl ^1 1^-1 a ^ i MLVS 


4 ^jui ^ 4 _aJ1^Jjoia11 CjV^aI! 
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25 kVA, 50 kVA, 100 kVA, 250 kVA, 400 kVA, 500 kVA, 630 kVA, 800 kVA, 
1000 kVA, 1250 kVA, 1600 kVA, 2000 kVA 


^LajjlV'ua RMU 21 laJ 4 _Lq C5^ 6 4-C-^A^oiS SLD laJ 10 — 19 (J^ k ~ ^ 

. (JLa^.1 ^11 ^ J21 ^aJ 4-k-al^JI 4 jLoi2) 


2 4jj£ju; -I - 3 A-lsli 4_^ ii q] 




Figure 19-10 Transformer SLD 
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1C. ) £joiU]| C-jUll 



ingle _JI (JL^.1 ^.a .^j a.^qi i4^Uj 4_x^al^JI ^)j|^^]| qsi* ) (j>uA(JL^.1 ^1 cJiLjajj 

: ^aj phase 


£J9^a1! ^9 (J-oIslSI (_)j3 Cjj.1^, aJU ^^9 SjUl <^9 S^c-LoiaI] 4_ia1]| — 1 

. a^JC. jl £9j-a]| (JjjIj 9 3W^ ni ^Jj 4-^.laJI aJU ^)Ax^ax^ SOCket 4 _jou3 — 2 

(fan & hood) Jabbi -3 


(Jj^ajj i~ n«v Power Factor Sj^a]| 3*^*-* ^j±ux^n 4_x^ali* Spb 121c. ^L5 

. ■j.^O'v *^\1 -y\l 4_^] l_j£jj (, flVCxn 


! i2]j c. (3j)*s 2) Cjjj2i 


^ i~ >\o~y<A\ CjIxjuo L-fthijJ 


75 kVAR i i^n •. • Jj~ 

45 kVAR i ^ £ * • • 

25 kVAR i ^ r. • Jj^ 


3^21 i4 3^b ^jL-saljatJI £jj_p ^JLi^la ^)^JaJ 11 19 3^ k ~^3 
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j$\\ ; £j| jll C_jU£]| 



i " s\ -v^0> 
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ic. ) c_jL2I 


QjyiW CiV^ijii ^ Ci\j y±k\\ ^\iiiLui\ 19.4.1 


^3j . OB ji CjijjjS ^I, 1 ^JjuAj Laj (dlL-livAlj ^j c^LuiSILj 4_uj^£JI ^)j^aLi*JI AjLo^. 

*4j_laaV ^-saixll IL& ^jCr SJLu LajSj . 2ajudj!La]| .14^21 w"io^\l /jj^j l-ALlSI 

Fuse j^W L-±y±£*^ c^\y±* 19 . 4.2 

^ ,^>^\l A^jJ ^IajjI (_£ JJj3 4 I 4 J ^^ajoia]| Avuftll jLall ^)Lnll J^I^jj LaAlc. ^JaU^ AjLa^. 

4 "i^Laj ^42 4 A_Lal£j*a AjLa^. AvajjlVixi jmj . ^jLall ^)Ln]| AvuS (Juin ^Ac. Ih^a CytJ Axj ^Al 

^jibs 4-uiflj s-IaL ^j-a (Jj^aflllj ^^3 Vn cillA Axjj 4 jLnll ^»LLa ^43 j 4_Al*AI CjIjL^L (JjjLol^VI 

.I 4 JIA (Jj^afill 4 _Aa*_ 1 ^ajih ^Jalfill ^»LLa C_l3^]l (JjaAJ <^3 4 ^Ij3 A^JJ ^»LLa c^HAj 

Ljajl I 4 LQj 4 J j^A AakjL^AI CjU-livAl £-a ij 1 a ]1 A 4 ^JI CjIj^ l^-la ! ^A^jl Cjl^-i^n^Alj 

.High Rupturing Capacity, HRC ^-AjujJ j £_jjjj]l CjVj)*s <a (_)j3 C_jSjj Jojuj jlxAl A 4 ^JI Cjj^a-a^a 

C 5 ^>W lU^ * 3 J-g (JjtS J^ 1 C» CS^ cJl^JI ^ i^ljHuylj]! i^ja ^kity (jC- S^Uc- L_Al*AI ^3 

^)L^AjI aJ l~ 1 ,Wj >ls jtnfll 1 5 -IjjI 5aS jlxAl A_ 2 ^p L-jlacpjujV ^Jjl^SlI cjjp. joiaJ p-^^LaJj 

jJaUl) tl^J Umj (12-19 (J^oi) SjjJ £Jj ^ LaJj (Jj^aAJ ci_Li^. CB _!L AjjlLa jJafiH Axjjoij ^jall Jjaxuj 

IAAj 4 (JsVl <> _ 5 ^ c ' A-Lal^ $j 

Energy ^pJI Ailkli j! 
s^WI Jlk let through (l 2 * t) 

OSLuLa c jn>n V 9 1 ^. aAjjjJs 
^Jalal] \£X± Ajx>^x>li 

Asu jlnl! jJa3 ^ ^ ^ n Uljj 
(J^ Aj^U. (JjSj (J^Aal Ci3j jj yA 

.La A_ 2 ^)^j CjjjIj S^jU) jj^alic. 


Peak amps 



. Cut-off 

fs 

Pre- Arcing 
arcing time 

Total operating 
time 


Figure 19-12 Fuse vs CB 

^ 2 fcJjV Ail Cj I Jfr Aflli CJjJC. (jSl 

I4JU JJac- 4 & vKj ajvLA! lujCjIaB ^^ic. cjj^j lilfl 4 1 _ phase ^^ic. Jais Oa*j 3 _ phase l4La 

.(JSLouAI ^_y axJ <- > \ u ^3 2 L *^l5 < *—^-3 (_jja2 (jSl 


cjl%]ajll 6 L 4 I VI ^L^ij V f5 c>j Overcurrent Protection l^a ^ Ja^s lUu j! Ua 

.S.vw 


(jjflj V ^jJajVI Ua^JI ^-a Ax-JjuoJ (J-aLuj V A_j| AjLa^JI ^uajjtJ La j-aC- ^I.^Vnul C_JjJC- ^j-a 

^j-aj ^jl Ajk-al^. AJJI34II LijLi-v \\ AjLa^J ^5^1 ^al(JjJaAJ V . S^ALauall (Jl Lif^Vi^ S^jLlSI (Jl L>nVI 
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<jj ; j^jl jll '—jUSJI 

jl S-LoC-VI ^ic. 4jil*-a]l ^ 4_jLa^J JaA9 ~ '~'~ ■ Cjlj^ua]' aA& jjlA til] A] c £j2jj-q jl_p]1 oilc-1 

• (j-ajVI ^jic- Si^^all 



‘ * i. ^ ^ 1 \ 2 lo\J 6 ^\Ji 19.4.3 

. lijl "> ' V- ja . tajj V jj A 1^0 1-.". .j jLull 4 -qj3 JILgjj Rated VdlllG j 9 -lflI' ^Ac. Ajjj^all 4_oAji]l 

^illj t Fusing current jUi 4j _auu L 1*6 aXXl jUI jUill j^Uj lil l^u j 

10A j^l j! ^^w-aj.( Fusing Factor Jli LS ^) 1.5-4 <jjLall JsA\ <0^4 <jj£j Uli 

.aXXl LujS 15A-40A C> j\P JJJ^ ^ !^JJ <jl 

Rated current c LoL^j 4_^jjalj ^ L^li ^La ji^j <-**c 1 19 ^Ijl^iLujI aJj^joA] 

200 a£>U. lil VI j 4 ^aij jl ^1* j±±J 63 t min breaking Current l^l ,v>nu 

. (Jl_iL2 Iq^L> (JaV I ^f^l 

J jLj ( j^n ^»Lk]| Rated breaking current 21 ^A Ljajl c2UAj 

.^jLoJI j^jaI] 40kA L$j\-un ^Aj . j^jaII 
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1C. ) £juAj]| C-jUll 


Table 19-1 


Fuse-link Type 

Rated 

Voltage 

Rated 

current 

Rated 

Breaking 

Current 

Min 

Breaking 

Current 

Switching 

voltage 

Resis¬ 

tance 

Weight 

Length 


U n 

In 

Iws 

Imin 

u m 

R± 10% 


L 


kV 

A 

kA 

A 

kV 

ron 

kg 

mm 

BWMW-7.2/3.15 


3.15 


6 


650 



BWMW-7.2/6.3 


6.3 


19.5 


195 



BWMW-7.2/10 


10 


30 


130 

1.3 


BWMW-7.2/16 


16 


48 


64 


192-1 

BWMW-7.2/20 


20 


54 


52 


BWMW-7.2/25 


25 


67 


39 



BWMW-7.2/31.5 


31.5 


80 


31 

2.6 


BWMW-7.2/40 

7.2 

40 

40 

94 

<20 

25 



BWMW-7.2/56 


56 


117 


16 



BWMW-7.2/63 -1 


63 


200 


15.5 



BWMW-7.2/80 -1 


80 


280 


11 

3.6 

292-1 

BWMW-7.2/100-1 


100 


400 


8.2 



BWMW-7.2/63 


63 


150 


13.4 



BWMW-7.2/80 


80 


200 


12.5 

5.2 

442-1 

BWMW-7.2/100 


100 


330 


9 



BWMW-12/3.15 


3.15 

46 

7.4 


920 



BWMW-12/6.3 


63 


17.8 


300 



BWMW-12/10 


10 


30 


200 

1.7 


BWMW-12/16 


16 


50 


100 



BWMW-12/20 


20 

48 

64 


76 


292-1 

BWMW-12/25 

12 

25 


70.6 


51 



BWMW-12/31.5 


31.5 


78 

<30 

45.5 



BWMW-12/40 


40 


88 


37.2 

3.6 


BWMW-12/56 


56 

40 

172 


22.5 



BWMW-12/63 


63 


188 


21.6 



BWMW-12/80 


80 

46 

355 


16.7 

6.1 

537-1 

BWMW-12/100 


100 


444 


12 




(, L>0 ^ jlu j| jUi SJjui ^9 ^lc> L-fl3jJJ3 (Jx*a3 (j-^j ^ 

>1 !ia 16 jl^j^ajVl (>ja 6 13 19 J<^b "jUII — (j-o^l" CjLiI^Lq Aj 9 jjl-g 

. cjIjWuII UaL 0*2 S6C ^Lujj jjj-qI 100 jlp 4_DLk j-$ !i! 


I ^jLoJI J<~^ CJp£ ^ 13 <>jj (jUaJJjJ ^j±1x\a ^j±ixl& LojIj tilljA ^j) 4_la^.vL<i 

jAj 4 Melting time jl^jVI c>jj L-^l < pre-arcing time y» JjVi • 

. SjjjjaJ! ^ 5^3 jLnl! ^UjjI AjIaj 

. arcing time sjj^\ U • 

ls^ 3 ^ l ni ^J 1 -v ^ ^_ic> l-ASj^j i S^Lo jlnaJ <jl ^9 (jjjiA v _ fljjAJ 4 _iaA|j 

- 4 o\"^ * Cjl^nlaJ I 4 ] (. oV*^ ^ £*) l^J SJiLo (_)^3 C 4 j 





































































































Figure 19-13 Fuse time-current curves 


19.4.4 

JjIAl — 1 

^_lc. 4jL<taJ A . JA-la^jLaJI ^J^LoV^ ^3 Cj' j. ..' 

(_Alj ^ jj - ~' r ijUiujl J^S^\ *"0 V '."11^ oXa f -V 1 

4 ajV'ij 4 ^xJl ^^AjJa ^jjj (jjyJI AIaj ^ x«VixJl j*.s\\<Z- Ak^j 4 4_ajjiLo 4 j1^j l^J 4 j^ijI 

^ijj < ^kll CiljliJI 4 _\j1a 4ja£ clilxijl ^1 (^Aji Lu* ^ 4 j^ijV1 SaLg \ \\ Ia^J 4_Jl*JI Sjl^aJI 4_ajAl 

. 4 Jl.xJ.J 1 l SaIc-I £_Lg^ ^^J^£ll ^jjjaII s-lillal ( ^Ac« (_|a*J 1-aa l^lklA JaxjJall 


JaULuil ^9 dlljlxJl ^IsAjI SAjoi (JitJjaJ L—Lia. 4j^jj>U ^Jc«Vl <«_ 9^)ia]l ^aJl (_gJl SAjoJ dlljlaJl AjJa ^aJJ^ 

^iUJl (_JalA g^Jl lAA ^alAajjail (JLaJl 4jtJilaJ Vj . ^ic. >LJa ^Ja*J <■** (JiLuil ^Jl 4-La£lj 

. jl^j^ajVl Aki 4j*_iL<JI 4JjI^J! CiljlxJl 4ja^ ^-IcjVl <■ > \ u ^ 
. Cjjjg t^ixill ^>0 lAA 14 19 (J^jJl ^ 
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Figure 19-14 ^ 


^txll y\$y\\ LjjjjjS ~2 

SjJii] IfiSj ^ oh-v ^ ^JaS Ajljuoj ^ 4jLaaJ RMU 4 ja 1^JI l^j) I^jLqJL^ILujI 

^)Uuaui ^\ ^A La k ^ £jJoj ^9 (j^Spj ClJ^ll IL&J - cJj^ 

L-J^JJ (jl L_L^J^ t 15 19 J<~A 1 La^ J9 (jl ^Ac- (JjjS ^)L<Uuui ^ La) L_u]^aJl (^^1 

(J-OJU ^ajpl^jxn J^JaII (j-a ^)Lo.uuAI £^pLj (J^ (J^ 1 * ^ Aic. ^QjJaJ 

.(Jj)"\xAl Jj^aS ^gAc- 


ji- 'ii W « a 







jj^t jL^I ^ Ji jLu^ £ JA 


JjauiH jj^i 


Figure 19-15 


L_ijuiVik\ j^±ii\\ jViIjL^ 2lxV^ 19.4.5 

^ J^jaII (jli VI 3 .4A>La. ^pojjuo (^All (J-o^JI ^)Lj (j-a J^aII dpA-oll ^)l_p]| (jl <■ > 1 

^»^\1 CjjjjJAll CjIjjjljuo ^AjjI ~ U>* ^a| . ^AaC- 45^3 (jj^ ^Jy 1 13 4_L*_nAa]l c_9j^)Ja]l <-** (j) 

. (( 2 pa>AI j^jaII -J^P (j-o % 150 -A L^pj (_^Lup l^ja jIjj Type K end T ^pA^aAll 

.1$j 3 pj^pjoa 4 ^JjoA 1 LbojtLa A^aJI Uj^ u' <». i>J — 2 

bpla) 6 j 9 pa (JAac. jIjj ( ^ 5 AcA ^p£l Short circuit cepecity ^Jaall aju ^ (jj£j c . — 3 

. 4 pll*J! (JUac-VI VI 3 (Short Circuit J! cjLLaiaJ 


474 
















jill <joiAiA ; £j| jll c_jU£]| 

jLj jl CjISj^aII $.Aj jLj J!Lq 4j*j;kl 4-JUJI CjIjUj]! ^JiL jjIjj (jl jh's a \\ jjiall (jl (j-o AShSl l_l^j —4 

^ Inrush J! ^ILiiVI 

l^iLuj ^^Allj ^^jSI cj lj^ jall ^ Coordinated ^jUtiij j^kl jlnl 4 _ki]l <jj£j <jl c . — 5 

■jwj* 



cA^ik ^ LLa\j^jla\\ 19.4.6 

^jjll UjU JjjiH 4 jSja 3 I Coordination (jjjomll Aic. 

caIIa] Backup Fuse AUkl jjiall ^a^LoA Uiu 4 JkJI J! l_jjSVi Protective Fuse 

jjA ^xj t^al ^9jjll C 5 ^ H AJIjl jjAj L)J& (j’ L ♦ £jkllj .4 jA*j]| ^jA^oa aUjI 4 j]j (_£a!I J^jJaII 

. ^AiLukl J^jjaII Cyj Cy %V5 (jc- Ajj V LAU-) AiLukl J^jjaII 4iijijjuj ^a]| (j-ajll 
(JkaJI (Jj^aS (jkj Lqj 4SijJI j)A (jSa-q jA 3 ^j*_xk (Jj^aS j)UjJa (Jjjjamll 4 j1aC« (jj ^joiLoiVI CJIA^JIj 

• (jjA^VUtlxAl (jj (jSa-G AAC- ^JlSV ^-oAaJI 4jjjj.Alx.tlI 
. 1 ^aj 3 jlj" ^jj Cjjjjjall Jntm 4 j1a*J U.Ajaj ^AaIxjj 16 — 19 (JSjoJI 4_tjjjA (J>U. jj-oj 

6AA ^ a!j*_j IaAj RedOSer ^k (JaLoA I^-aUI 4jjoJJj]| AjUaJlj 4jc-jS 4kjj Iajj JSjJI Ik ^£-9 4kjaJlA 

US ^jaJIj aIa^VI ^ aSiAJI Iajj 4 transient faults 1^1 ^ lau^i ^pll JlkcVl s^S c jn «j cASkll 

J L^judflj (JUa^VI (_g-U AjjjjjS (AIUa | J t Ji c ^ t u J 4jUa. jjjS Aa*jj 4 jujAj (JS 4jIaj JSjJI 

• (J ‘ <J ‘ 
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1C. ) £joiUI — £-Jjll <»_jlJl 



( J 6 A ) ^[fn j 


aijjj (ji i^ ^ 013 4 ^ L3 a 15- L L9 S -1 ^J3f* j ' 0*3^ O' 41 »’ O' 2s 

( ^i*j . (JL^.V1 Aic. 6.^3^3-JI ^ c (J 4 (_£ j (jl <■ > I'sj J J^jJI^ 4 


J^jJI (_)j 3 (jl <■ > ^ ^9l^]| J^jJlj Ji J^Jftll j)li 4 1 ^ Lo Jl .lie- (_)laC« Cjj-1^. AJLa. ^9 Aj| ^ IJ& 

C5^!^ J^iJI) £ J^aJI (jli 6 2 4la&JI .He. (JL>»\1 aJL^. ^ LJ . ^aJL^JI aJ& ^_gi l^jLawi IjjjS jmj (^J]|j ^ 

aJL^. 6 I (_)^ S- 5 j£3 ^JI (J l ^°J 3 ^ aJIa. ^9 . I jl^^JI (_)^3 (Jj^aAJ (jl <- > ^ aJL^JI aJ& ^9 

.^Jl . J (Jj 9 ^ J^jJI (Jx^iflj 6 (JiaaJ! 


iCjj^Ja^JI S^c- (J-aC. J! Ujlfl CjLlialxJI fcjlA (jjflVl ^aJJ 


l " Kw"ll ^9 Lj.ll C^i] j ^aJJ (jl jloJJ 6 a<u-\l ; L ^o\l CjLLal^. (je A 1 XAjujIj.} £.|j^.l I ^ 4 aVl — 1 

• vLixi ETAP Jl (JlLa Sj&L^JI ^c-JjJI ^aLVn Jj ^1 t 5jj» )>^ill 


S;LJI cJjLJI ^ .h.wM ETAP Jl ^l.vVn Jj Liajl Load Flow Jl <je AjuiIjj cJj^J * A-Jlllt 5 JaiJl —2 

.ajuj& ^ 
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jail <LujAIA ; £j| j]| 


jLiik! (jjjAjLoJI ^jjjjujljjil! (j-o ^jaII ^gAc. ^Iaj j 

(jjj Liajl C5^1i 4 (3 jLuJI aiA! ^ IaIj^a Cj]jjja 1I jUlkV A^UAI ^c-I^aII 

.4_AIjaa]| 

5jj* >rO 4^Jjui ^cjIAj 0 uajJU ^gij^LuaS 4 CjlA^ll JjUaj ^jLk jAJ ETAP _!! ^gAc* CjLLo^J) aAA (jl C_n^ 
jj^saII CjjA^. .Vic. jIjj Jal_9 4 _aj 3 jjj3 .Vic. fcj C_u^. 4 17 — 19 l&AJI La£ 

.^^juj c3_^) ^J*J^\1 c_9j^lall ^9 (^aH (JJAaII 4_Ai9 £jja!I ^gAc« ^^AaJ Lo^ 6 ^S^jIa (_j^JA^ 



^_£A^Aj Cj|^ja]| ^aJ3 ^JjujJJ j ^)l_il^J ^ n 17 19 J<^i ^3 Ij^Ja ^jj!li]| ^JlIxUaII Cj-P^ (JvL^. ^j-oj 

CjUi^IaH ^Iji^jjuoIj jl 6 <^31 Cj|jjjAil (JjIa^ JaVwhK LqJ :^jjjaj^L 

. ^gAj LuS vLii-saij 4^)joi ^JJjuj L£ CjI^jaII £>A^j 4_j^al_iJI 


Jjb^ ^baa^L : ^gjjVi jjjjaj) 

l 1^9 -13—19 J£aJ! ^gi IajLuj I 4 J! UjjAI J\S^\/^j\\ CjIj^u l^JaUlLuj! ^jj JjIa^J! $aa 

^0 C 5 ^l 9 Jl 9 ^ c 5 ^ 4 ^ (jl ^gUll a jA^JI ( ^gAaju A_i]tll! (JjIa^ i> Jj-^?- 

Iajj 4 A K g 3 ^ 1 i (JA jfr jAli j! A^J 3 —19 (JjA^J! ^ (JllxJ! (Jjjjoj . ^4_Jj ^aII) AjLoixJ! 
• 200A ( ^a^j 8A (j-a Iajj ^A K (j^ (j-® ^A ajLoixAI j^jaII 1 a\u 4 140A 6A 

?(JjA^J) IA 4 I Wa ^ < Ajia 
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Jj .^1 1 C. ) £juAj]| C-jUll 



Table 19-2 Type-K fuse coordination 


xiL-loXI jQ 'Ajxx <7i7> 


200 K 140 K 100 K 

80 K 

65 K 

50 K 

40 K 

30 K 

25 K 

20 K 

15 K 

12 K 

10 K 

8 K 

djaA-*iu 

jf-o-aJJ 




B —uoXI A j-g-u 3lXI l>Xi£ ^-a, -y> J hdL jLu 

iS^ ] 


*-»»-» 

9200 

5800 

3900 

2800 

2200 

1700 

1340 

1060 

840 

650 

510 

350 

190 


6 K 

9200 

5800 

3900 

2800 

2200 

1700 

1340 

1060 

840 

650 

440 

210 



8 K 

9200 

5800 

3900 

2800 

2200 

1700 

1340 

1060 

840 

540 

300 




10 K 

9200 

5800 

3900 

2800 

2200 

1700 

1340 

1050 

710 

320 





12 K 

9200 

5800 

3900 

2800 

2200 

1700 

1340 

870 

430 






15 K 

9200 

5800 

3900 

2800 

2200 

1700 

1100 

500 







20 K 

9200 

5800 

3900 

2800 

2200 

1350 

660 








25 K 

9200 

5800 

3900 

2800 

1700 

850 









30 K 

9200 

5800 

3900 

2200 

1100 










40 K 

9200 

5800 

3500 

1450 











50 K 

9200 

5800 

2400 












65 K 

9200 

4500 













80 K 

9100 

2000 













100 K 

4000 














140 K 


(j-o Type ls ^*9 cj^*^ ^ 20 K (Jjjjuo 

LolUa ^ \y ^aIjujJ U’ C^ A \$ 30 K Iajj Al AjLawdl (jli 4 C5^1i P' k 131 

t ^AjLaudl J^jaII (_)^3 (Jx-aAJ J^jaII (jl IjA ^ -^>o'ij 500 (j-° ^ ^)1 jj (jl 

1100 (j-a (Jal (JiaaJI ^)l_p LdUa ^al^l ^yaLujjj 40K J^jaII ^Vni.n Ixmj 


CjjjjJAll tilU^a 4 S^Xjuu]! ^9 4_xi^jjaixdl S^lxdl CJnlN ^JA AsY^A Icl^jl (jl Jsi^V 

Cj]jjja ^a_ 9 T (j-<4 Cj]jjja Ajuryui Cj|j^ja t ^jLoJI (Jj^JI S^yi K 

(jj* jjj-J 20 20T (jl isJa a' t 4 — 19 ^ (J^aN 4 nl?j 

20K j^jaII Y_y* Uajl 4jj U& 990 ^_gi 30T j^jaII ( T 

.JaAS j±iJ\ 500 30K ^a &[fu (^ill 


Table 19-3 


Type- T Fuse coordination 


































jill <joiAiA ; £jl jll c_jU£]| 


^ji »*tU j^—cdl 1 ? j >> » 

3 »ajl^J 

200 T1140 1^ 

Toot] 

H 

0 

CO 

65 T 

50 T 

40 T 

30 T 

25 T 

20 T 

15 T | 

12T 

10 T 

8 T 

j(, ..rxl 1 




(jj^i) B ji-Ai A 

d.U* Jkt jLu 0 

j-uSuJI 



15200 

9700 

6100 

5000 

4100 

3200 

2540 

2000 

1500 

1200 

920 

680 

350 


6 T 

15200 

9700 

6100 

5000 

4100 

3200 

2540 

2000 

1500 

1200 

800 

375 



8 T 

15200 

9700 

6100 

5000 

4100 

3200 

2540 

2000 

1500 

1100 

530 




10 T 

15200 

9700 

6100 

5000 

4100 

3200 

2540 

2000 

1280 

680 





12 T 

15200 

9700 

6100 

5000 

4100 

3200 

2500 

1700 

730 






15 T 

15200 

9700 

6100 

5000 

4100 

3200 

2100 

990 







20 T 

15200 

9700 

6100 

5000 

4100 

2600 

1400 








25 T 

15200 

9700 

6100 

5000 

3100 

1500 









30 T 

15200 

9700 

6100 

3800 

1700 










40 T 

15200 

9700 

4400 

1750 











50 T 

15200 

9700 

2200 












65 T 

15200 

7200 













80 T 

13800 

4000 













100 T 

7500 














140 T 



jl j^AJ vlj-o ^ j^Jfl]| jl t 1V — 19 dj^Ja ^pJI 4 ^JjuJI IAa Lfifla lili 

AJL^JI aiA ^9 j ^^ua! 36 ) 4j>Li. jjUl jlnll jA 4 _ajS ^^A^ 6 40T (j^Loij 4 _ajS 4l 
(Jj^aj (_£Aa U^AjJa-o (jalpll uj?3. Ut1 La^ 80T LjjLaixi jplj jl <.* ^ j Ajla (jalpj l_j j^jall jli 

. LjojUa j\SiL^\ jpLa jjjaI 1630 jA C_J jjjflllj jaJ jA-aS ^ jl l~ ij'V j 4 jjjaI 3800 Jl 


^Jl (Jj^aJ ^.IaII jfJj 40T jjjflll j)A laalpA Ljajl jplijaj 4jli 65T jjjflll Ujj^J J Ljl Ja^.V 

.^Jc*VI 4^uflll ^jLo^J (JjJaAJ li] ^ ^jaaaI 1630 ) ^)x-afl]l 4 _aj 3 j)A l^» L_lJp ^Aj Ja£S ^)JAaI 1700 

jUJl/j^pl ljIiWm JiVu*Aj : 4-Jllll AJLjalt 

Ia£ JS 1 jliJl/j-JI ^ ^ ^ ^Ia^JjujLj l^jll jJ 1 3 ]! j^Qj ^jLlLuJI 0 jtiJl (JjoAJ 

. 18-19 a^» 

Load cj\jLuo^j SO Jl cjLIaa^ jjjajLoAl jpjAa^AI Jl Ljajl 4jija]| c Aaj 
: Jj Ia^ CjJaaJI (J-d£jjoij ^ L£ 4_jIaJI ^ Flow 


: jjilaiij Jaajj 6 Jj^vaUj 4^aLk]| AjIa^JI Ja&j 4 j4^j : 4u]lA]| Sja^JI — 3 


j-J>tJI jLnll ^JalLi 3 A 5 6 (JaIIj (jl j^AJ jLj ^ x^i^l (Jjaj ^Jl ANSI Jl 4 la&j — 1 

:4_JU! AIjIslaII jA Cjlfij^-aJJl IfiJa 4 j 1 m'v j^AJj 4 S^joiIxq (J^^JI eJlJal ^Jc. JaC- jc. 

If 


1 FL 


UnSI — Y X 
A PU 

a \\ LJ 1 3*73 S6C SaxA jLJI IJa jl c > (Jj^^ll jl CjU^^I^JI ^aij^ 

^jx>^v jl j^«a ^£UI ^A ^JaiJI ftiA j>o c. V^llj . 4_i3lj 4 ^1 (Jaabj 4_iL«j]| Spall jLa ^)j£VI 

jl (_p3 4 _jLa^J! Sp-^l (Jj^aAJ jl ^ ')* A\j ^JaiJI ftjlA (Jijajl lajxt'v jj£jjoa 4 _jIa^JI Sp-^.1 CjIjWm 
. (L&4l<a jA£l (Ja^jj jl (J^-xJl j£-cj V (_pl|3 SAaII ftiAj 4_xuflll ftiA ^1 (JJaaJI _jlp (Ja-^sj 
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ic. ) — ^Jjll c_AJI 

Damag© Jl ^ M ^.xujjj SAjlx* (_)£J (j^alk ^ ^ ^ioju CjI^jJJI (j^aau (jl 4 In^vyLa 
4il£ <jj£j <jl l_l^j AjAa3l 3 ^ V\u\l lAA ^l.VVuul lilfl 6 4Infill aAA cjLol^ (j-o Vaj Curve 

.^LoJ! l_uwJ! (jfJiA 4_liuol jjjj 4jli^Jl CjIjW u 


Ak. Jj^JI ^ ^IaiWI l_l>UJIj tpll £&jJ\ jUJI jAj Inrush current J! jlp 4_Uj -2 

4il C_u^j 4 jl_£i]| Jliixil 10 Jl 4 **uj 3 (Jj^aJ ij ( 4-aAk!l Jl (J^-aII (JlkJ 4 jIaj 

jjIjj J ^JIAjjVI l_uLJIj (j«*a±kxJI 4jliiJI Cj* 1 ^ J c J* 4_2 *jA]| aAA ^Jl 

. 4 L»fl Jl aAA Jc-I UJ^ 4j (j^alkll ^VtxJI <jl ^g-Aa-aj 6 jl_nl! Ia^j 


Log- (j 3 jj Jc. I^xujo^j 4flh^xJI 4jli Jl S^J CjIjVs u (jjj J^nuVJI Jac. ^jj 4JjjLjJI ^LqJI Jill AjA^j Axjj 

. CJjujILq ^JOJJ (JjjIJLg jUlkl^ 4 Log 

S-lyJj (J 1 a] 1 A 4 JI JjUaj ^3 £J 2 j 4 ^n~ \l £.|^J Uja] J Ik I 4 J ^_ulij J <■ > ^Jl J-JJI 4JaAi]|j 

4 ^ Jl CjL jjluiA 4j>Ij lij <jJ j 3 Jbk (J^a^ (j-a jj£I UjaI (JjL A3j t jA^JI A 4 JI jUaj J Jjj (_£^kl 

Reference a^J ^cy Jl ^ 3 jaL ^ ^-Jl 4 ijj Jill ^^y ^abj Jj J l-l^j 
U Jl jlp J\ 3-aji Jjj^ Jj^all Turns Ratio Jl t ( yi* JJj) Voltage 

. 6jl_nkl ^aI! A49JI 4_i^.lj ^ 


4Ja^pJ) A42J <JjjolLg 4 _LaJ^iJI CS - ^ I44]! IjjjAl 41 ^ 1^1 JaAil) ^j 3 jJ l 4 jul>ll S 9 ^ 3 _ 4 


. l^J_u ^sl^jll j ^a JiSAlj ^ ^^ic. 4jla_j]l 534^.1 1 " jlal^xa]| 3 

I^pVI (JjAaflJ CjUi^IxJ) 6AA ^sjujj Ak-J 

^ 4_jIa^JI (j^aLkl! ^WmII jLilklj Iajj IajIa (JjAoaj • 

1^11 4jaj ^jo^)] 4 ^\c. ^UajjuaxJI jab ^)Lud2l 4£-v Iaa 

• 4_iij 

A^tlll L % 'y I} t ^ j V-^^U LjJj^VI ) 4 jIa^. AauV jtlkj (j) (JjJaflj S^jaiUxi ftAsu ^aJ • 

^w 4jL<i^ yjLajja] i ^ ^%a\\ Ak» 2^ Damage curve Jl ^^k C^l 4il 

. (JUaC-VI l^jjla Clkj 

. \a£ \\) CjUlkLJI 4-Jj ^jujj ^JJjuj cJ]a Axj yj • 

.(JjIa^J! ^hVn t L) ^A^all IaIIjuojA ^pJI 4 ^JjuJI l^Aj-aj ^18 19 L&Jli 
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tccl.tcc Ref. Voltage: 11000 Current Scale X 10 A 1 


Figure 19-18 coordination curves 


• d ■ >X4 b^ ^ 19.4.7 

:( CB ^jj1xu5 c-jLoi^. Ua c ^pJ 

jLnll — 1 
jJaflll 4jljoj — 2 
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ic. ) c_jLAI 


:Jxuj iji^l A^yW Ajlii^l Jl^J (jiiuJl jLnil jLuil Vjl 

jLp slc-ij-o jA IIa^j Ia jli (Ja_ ujjIaI) A£_^ 4_£^ ^ Ajli^11 A_j _uulL O 

jUl) )a$j jjbj ^ jjjfll) / jJaU]! j! ^ A^hJI ajjj bit C5 a*aj; Inrush current 
4~iaj5 ^4-^.aJl £>A& ^3 ^AVLjujI (a!) OB L—LjuojIs j . Ua^JI (J^J^AaJ a\ 1 (J x^agJ 

i w 1 o\<^ (_]a^j_juo j ' w 4_Alc. A^uftll &AA (jl Ciiij 6 jl_£il! C_i[)>a 6 Aj W ^3 

. jjoaIIj aJajjjoijj t JsujojIL(JI A^aJI Ajawlj CBS vAn/i V UlUi IaI 4 
1.2-1.5 AjA^. A Ti)?a\1 AIajS (jj£jS ^Ja ujj!a]| A^-aJl A_i^ljj ^»AVj uJ lAli O 

AjI V >*iVI ^ ^Jaj jjjflU) ^ijS! lAA Asu jj j 3 ^_ld L-Jjiil JVlj <J^a 11 jlnl! 4 _aj3 

US jtul! A_aj3 ^a Cj|^a 5 Ac. ^Ac. 1 _usaj^l ^)1 jj A_aj 3 (j! US liAj^l CjIjIjj] 

. L-Ludj) ajav! 4 — 19 cJjA^JI ^IavLoj! ^jSaj^ . ^UjSa 


o 


Table 19-4 dj^^tf 4-itiLall , )g ^ II ^ dj^^lt l—luiLIcJI ^/jVA/ 


Transfor¬ 





U J 


** 


Transformer rating [kVA] 







Fuse rated 
voltage 
[kV] 

mer rated 

25 

50 

75 100 125 

160 200:250 

315400 500 

630 

800 

1000 

1250 

1600 

2000 

2500 

3000 

3500 

voltage 

[kV] 











CEF Fuse-link In [A] 







3 

16! 

~25T 

"25 

40 

40 

I 50 

63 

80 

1 00:125: 150 

200; 

250 1 

315’ 

2x250’ 

2x315 1 





5 

10: 

16; 

25 

25 

25 

; 40 

40 

50| 

63 j 

80! 130 

125 

160 

200 

250 1 

315 1 

2x250’ 

2x315’ 

; 

3.677.2 

6 

6i 

161 

16 

25 

25 

25 

40 

40 

50; 

63; 

30 

100 

125 

160 

200 

250' 

315 1 

2x250V 

2x315’; 


10 

6: 

10! 

16 

16 

16 

20 

20 

25 

31.5! 

40! 

50 

63 

80 

100 

125 

160 

200 

2x160 

! 2x200! 

2x200! 


12 

6| 

ej 

10 

16 

16 

16! 20 

20 

25! 

40! 

40 

50 

63 

80 

100 

125 

160 

200 

2x160! 

2x200 

1 ^ 

15 

; 6j 

6; 

10; 

j 10; 

; 16; 

16! 

; 16 

; 20 

; 20; 

25; 

40 

j 40 

50; 

63 

80 

100 

125; 

; 2x100; 

; 2x125; 


17.5 

20 

1.6! 

ZK. 

”” 6 

[To 

10 

16 

16 

16 

.20 j 

2 o[ 

25131.5 

.40! 

[[[[50 

[[[[63 

[[[[so 

[ [100 

.125 

! 2x100; 

2x100 

24 

24 

1 6; 

6; 

6 

6 

; 10| 

10 

[l6 

; 16 

! 16; 

20[ 

20 

; ,. 2 ? 

.40 

40 

[[[[[so 

[63| 

[[[[[[§1 

ioo! 

125; 

2x100 

30 

|.6; 

"’6| 

.6 

:.6 

.6 

j.10 

Ho 

16 

.16; 

16; 

25 

\ 25 

.25 

.40 

40 

| 2x25 

2x40 




36 

36 

[.6! 

.e| 

.6 

.6 

.6 

10 

i.10; 

10 

1.16| 

16! 

25! 25 

.25| 

40 

40 

!.2x25 

! 2x40; 

! 2x40 




IEC 60787 


I 'UJjJJl uIm^JjaU LLb Jj^aJl 5jJ£ wuoa 


J^Jl Jju£ Ax** JjJ^jJ JjJ* 


^gk US S^joiUa (jjiUSI jLnll A1 aj3 CB ^AVLjoi 3 (jl (_j_jJaij A_£a>. Ajlijl] Aj_jou11j 


o 


:5-19 JjA^I 
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Table 19 -4 cfj^oJI l—umLLoJI a-LUJi ^Ij^SuiI 



(J^-aII 5j2i3 

MCCB jjJ 400 

250KVA 

MCCB j^J 800 

500KVA 

ACB jjjaI 1600 

1000KVA 

ACB jjja) 2500 

1500 kVA 

ACB j^J 3200 

3200 kVA 



:4ja^ia 

Aj) a ojo«v \U 4 jLlu jjtlj V <jl cJj^ ■*!] JojujjIaII ^-aJl A_£^. ^aVwh*i Uj| ^jaJ 


jLlJI ^UjjI 4^_nj AIa^jj <_£.1aH ^Jjjj 6—19 . CB J) ^ja Uajl A^jAj jjtb 

(cj14p^> ^ Starting Current *±A\ jlp c t n »M J\ cS^A\ ^ jU□ c > n^n \j2Ja 

^jljj 5 BAxJ ^jjaI 224 ^Ic. jlp (Ja^j a_^aj 100 (jjaaII 6j1_aj 12kV ^ ^ l-i^V 

. jl^ajVI IAjj (j) (jj^ AujIj 20 SAaI jjjaI 180 aps jtp jl 


: Jtla 

^ Aj^aII Ajlijll jl_£iJl l-ua^J i ^ 11/0.4 . 14 ^ 1000 MVA 


:JaJt 


1443A = a_^ jI-Aj t 52 A = a^ (jiLJ) J^aII jUj # 

jaia! 63 jj-^ ^ Ajlij L_Lud3i <j a5jLoJ) ULiLj # 

jaia! 1600 CB ( _ S A ‘ -uj^j t_uLaJI * 
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1C. ) £jujUII <»_jl4l 



Table 19-5 Fusing times 


U n 

In 

Dimension “LT 


Starling-up periods in seconds 

IkV 

A 

mm 

A 

5 

10 

20 

30 

40 

60 


63 


If 

210 

190 

170 

160 

155 

145 




1 -k4 

1 r max "f 

118 

106 

95 

90 

87 

81 


80 

292 

If 

300 

270 

240 

230 

215 

205 




1 rmax 

165 

148 

132 

126 

118 

113 


100 


If 

400 

360 

320 

300 

285 

270 

7,2 



1 r max 

224 

201 

179 

168 

159 

151 


63 


If 

220 

200 

180 

170 

165 

160 




1 r max 

132 

120 

108 

102 

99 

96 


80 

442 

If 

300 

270 

240 

230 

215 

205 




1 rmax 

180 

162 

144 

138 

129 

123 


100 


If 

370 

330 

300 

280 

265 

250 




1 rmax 

222 

198 

180 

168 

159 

150 


63 


If 

220 

200 

180 

170 

165 

160 




' r max 

132 

120 

108 

102 

99 

96 

12 

80 


If 

300 

270 

240 

230 

215 

205 



557 

' r max 

177 

159 

142 

136 

127 

121 


100 


If 

380 

340 

305 

285 

275 

260 




1 rmax 

224 

200 

180 

168 

162 

153 


/ 


: Aj 15 jl\ Jlg^J ^JaSlI 4 jluj ljLui^ LjIj 

<q\1 jLnll L-Lol^.1 1 

MVA 


rated 


V3K 


I Aili <._9j^la]| ^^9 ^jljj 4_-<u9 <■ AJjJtUll l&ilaj Iqjj ^)1jj L-bui^»l — 2 

Irated 


Icu — 


'PU 


jLsj 4_aj 9 (JlLoj jAj Iqm 4_*u 9 (._u a *v L-Lua(_)j IqU ^ai9 L-Lai^. (.-^ ^JaUil] ^j>.s-iq\\ Ajl juo 4_aj9 3 

141j L_ULx-aj^ ^JJC- (. _S^la ^ \c. 4.ftic> lil ^aJ ^ ^>o\l 

)^£I& L.Lua^j l x^jjj . (IqU (JjVI jLnll (j-o ^)j£l 


IcM “ n IcU 
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j$\\ ; £j| j]| L_Aj£]| 
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Iqm (j- 0 (ji~ij'Nj jJaUli Ajuoj jtlkj ^aJ ( V—19 (JjA^J) <j-Q c > UnVi PI AvuS 



TaZ?/^ 7.9-<5 


Icm = n x Icu 


11 

“ kA ^tLu AajS 

1.5 

4.5 < Icu < 6 

1,7 

6 < Icu < 10 

2.0 

10 < lea < 20 

2.1 

20 < Icu < SO 

2.2 

50 < Icu 


jjjlaajl 


SA-IxLq CjIjAS CjI j CjV^^oI _x-saftll ^jLul 4 j^ _ui^vi LaiS ^JaJU S — 19 (J 


.^U! 


Ta&fe 7.9-7 


Sn [kVA] 

500 

630 

800 

1000 

1250 

1600 

2000 

2500 

3150 

J^aaIi ) jA2 

Ucc (1) % 

4 

4 

5 

5 

5 

625 

625 

625 

625 


In (2) [A] 

722 

909 

1154 

1443 

1804 

2309 

2887 

3608 

4547 

j^AaI'i jLj 

Isc (2) [kA] 

18 

22.7 

23.1 

28.9 

36.1 

37 

46.2 

57.7 

72.7 

i'i jUw 


(Jsl (Jj)^j ^ J ^)ljj (jl (JJ)^k a\\j k^ksW jLn] ^ (JllxU Ajjjljal]| lo^vV 

j! jUjd ^ Ai>laJ! oLLa^J! ^ UUUaI ^pll Source Impedance_S! c,n^ ):& 

a^mjj j)\ aJj^xa 4^jjol 3 (JL^ajI (JL^. L4 asjIxa l^J j Infinite bus ...j (JiL<u a_jjs a^Auj (Jx a 

.1^113 (j>a (Jsl (j^^Luj ^y^s\\ Jin ^jl c^Ljj >l3 AjJjxjJa 

4 o\“-v ^\' Cj!3 Ajjj^£JI CjV^aII iim AjIa^» ^S A ^.W‘n^\l CjI nflx^l (j^axJ ^ IxuSJ 

13 kV AvUS l^J A_Luo1_1a]I ^ullj 1 1 kV -V CjV^-a]I • A oh-y ^ 

- 6 ^11^1 40 s^as j^ja] ^Ih^j 500 kVA s^as (J^-^lls (Jjjjuj 

.A^jjaJI <■' ^ ^ vLiis ^ja]I t oh A." Jjjj ABB lg-1^ liA 9 19 JjiA^J) I aJo^-Lg 


485 




















Jj.^1 1C. ) £jujU 1I — £-jljll C-jUll 


Table 19-8 Fuses for different transformers sizes 


Transformer 
rated power 
[kVA] 

Rated wltage of the tansformer [kV] 

6 

10 

15 

20 

30 

Rated wltage for the fuse-link 

7,2 

12 

17,5 

24 

36 

Fuse-link tated current [A] 

20 

6,3 

6,3 

3,15 

3,15 

— 

30 

6,3 

6,3 

6,3 

3,15 

3,15 

50 

10 

6,3 

6,3 

6,3 

3,15 

75 

16 

10 

6,3 

6,3 

6,3 

100 

20 

16 

10 

6,3 

6,3 

125 

20 or 25 

16 

10 or 16 

10 

6,3 

160 

25 

20 

16 

10 

10 

200 

40 

20 

16 

16 

10 

250 

56 

31,5 

20 

16 

10 

315 

56 

31,5 or 40 

25 

20 

16 

400 

63 

40 or 56 

25 or 31,5 

20 

16 

500 

80 

56 

40 

25 

25 

630 

100 

63 

56 

31,5 

25 

800 

— 

80 

63 

40 

31,5 

1000 

— 

100 

63 

50 

40 

1250 

— 

— 

— 

63 

— 


4jjuAjujV1 CA a£ .aII 4j 2 ^JaJj ^ I t_a til 1000 CjV^-aII CjI^jII ^ 19 19 

. ^ ^pll Cj]jjjflll t Jajuo jJLall -sll L_ljl_^ ^glc. ^jll 







































j2l ; £j| j]| 
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Ai\\.a\\ ^ ') «)• -■ d3 19.4.8 



Figure 19-20 Rod Gap 


2aJl2 (3^21 L-JjjJaJ 2 

r 

2a21 ^ Surge J ^ 

^ ^ laJ 2 ^1 (J*21 3 y ^jll (Jjl ^3 

^lj 3 jl l~ \\o”K* j 4_^_nj la^JL Jlc. 

V J>$22 U» ^ J 6 

I 

Jjjj 12j t £jjj21 cr^ cs - ^ 

L£ Rod Gap Loj cjV^.21 
Jiill ^ J * 20-19 

i # iu*n Sl^5 ,^^11 jjsjjI lilfl 21 —19 
&i& J>Lk jj^>2I ^jlS ^)jc. jl 3>2I 


.3 j)^<21 ajIa^j c_Lola 2 Gap 21 ^ £y *3 4_juoaj Bushing ^rnuii^21 j $ >21 y* 3^x2 Gap 21 

. 10 “ 19 (J_j^? 2 ! ^LuJI (_]£j 21 ^3 CjlaLai 21 3 n^l ^iLj 
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<yyj£j| JMjJI tji MbJUhJI jriA*AJIl9.5 


11 ^ ^ 11 s&Ji l^-La cJjV^ a * ng\\ t ^Llu^I 4j>Ij ^ja ai^La i RinQ Main Unit, RMU 




*■»* J 



Figure 19-22 RMU 




cjL^^] kV 

Lai t 4 _jAx1j ^jAj 

sjl^j (_L-alua cUliill ^juoaII 
^p*l Jj^a 4 jAsu1 l£>^I 4ja1^. 

.19-22 

41jjujj dl^Jj^al IjA ^j-aj 
S^juiL-a (J^-all (JjxjoGj 


c^USIl Jl^y ^ U£ 
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I^ja JJic. AjA*j ^jc. jlx^a JjISII (jV <^113j l_>Jaj| Cjjjaj J3 CjvLjI^II ^JaULa (jl ^jjdJJ V 

. (_£^kVl 4 ja1^JI CjI^JI Jlk (j-o ^_uaJtJ ^a 43a^Jj-a CjV^^g 


: ' s... ^ ^ A .,,--2 19.5.1 

.I Jalij ^1 cJ^j^a ^ja (Jajj ^a Secondary cjL^*_a]| l^jlc. j^llajj 

I (jxu^vn ^\1 Ji^Jl A^jjaj 

. ^9^ 4jjJajl CS%\Z ^\ ^9 4jjI^A la^laa. • 


tJ^ 




. ^UxJi (Ja.1 J 4jc^>9j Aaa y&Z* £_ijjj CjLa^l 




13a (jli 111 4_aj4iL<2l ^ ^ 1^» x>»j L_9j^)ia (jia^G ^23 — 19 (J^joi) CjLa^HI a^Aj 

4 _& CjU^UI 

l^jl JUl-cij Aajlll 4jLaa 
4j mil qa 

CjlajUl fijlA ^_ilx-aJ ^jj 9 
4i ijA JLq (j j£j j 
^ajlflj 4_x*ala. CjUIaAj 
^ uaj 4j^aJI 
^LgjULg (jj 1^9j^)la 
4_AjliLaJ 4_3jjVi L-JjjoJj] 

^ Cj>Lj 1£J! <. < n < ^)j C5 Ha jlo 0*4 (jc. Jaj V ^glc. CjLa^U! cillj <. > ^jjj .cLiaII cjjjouI 

j Aj>La (J>La CjLa^l c^Uj J! Cj>LjI£JI (JLa^l ^hj l^j s^_al ^a (J-al*G]| (Jg mj (JjLail 

. Cjla^lll (JaJj J! CjljjaiaJI CJjjujj £_L<2 





Figure 19-23 50 ^' 


l-lujIjjj ^axj Feeder Pillar ^ajaj .ia.1^ ^ cJj ^ a l)^ ^ cJj*^ ^lx* ^ cs43 

24 — 19 ^ 'SjSs 

|6 2 WAY i £ j J\ j Cj^UJ! JUa.1 ^Uijl C.'un; 

. t^Ua Lo^iC- 

1111” 



Figure 19-24 
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ic. ) £juAlll <»_jl2l 

»|(jiOAit-ti 4.3 j^yusj £jjj3 <*^^-2u£l 6-4 ^p (Jjp xdb (Jj^aJJ (jl (j^xuS ^5 Lai 

4jS ^)^JaJ < 0 - 1x21 4_x-al^J! tilLoi£l ^.V ^piaJ 25 - 19 (J^ k ~ 11^ 

jLujj jAjAaull (Jj 1 £ LqI ^^pJ! c£U£ a^.Lj 4 _x^alkJ! 3-Phase _JI 4 jL^J 4 




*LujLAj\ ,1 lX& «^jL& 

Jj^' J 4 


Figure 1919-25 Feeder Pillar 


5.4 jy\\ ^i^VijuD 19.5.2 

CjlxJp^ ^ ^ ^ £jjjj c2Lal£) 4jUjl 4j (Ja-OJJ l < 0 v ^>V^\1 ^9 c3jlj £^P^ ^ (Jj-Qj 26 - 19 ^9 

2a^» dp ^pJ 3 _P*a] £j\j (JJj-llx-aJ (Jj^aJJ 4 jujV 1 (Jj^ ^ >1 u (jjj-lix^a (J^ <jl Jaa.V 6 ^ 

dp (j^Aj^ . ^ Normally Open 4 j*jjldl c_aj^4a]| Ip^iaA ^^UiaVl cJ4^ l<4A (jl 

(J_p»xi ^xaj 4 4 ja1I ^9 AIa 4 Unlj 3(_^1 ^j|^p. (j;pb 4ij^)]a]| 64^J (j! (, tf2n5~ (j! (J^joJI 

(_3j,Vu .o j vLa^-xj (J^p-xi (J^ ^ nn^ t 4 all's xa CjVp-G 4_aujl 4-*-^jVl 4Jbll n«o (jli >Ija (JlaC- c > n^n 

.Ja*9 ^Lia! ±*>\j 
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i U i J U 1 



JaSa %50 4 auUJ \ 4 uJ 3 fn Jl^Vli 27-19 L&ill U 




Figure 19-27 


• AjjljjJlj (JLo^Vt A-LoAV (Jj^ajalla £_lL21jj 
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jill ; £_jI jll c_j\j£]| 
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^3 ZjJZuaI] CjV^^g ^jjjj (^-j^aH) 4jC^)fl]| 4_la^<& (Jj^aJ (jl CjUAslaII ^ Qj^~>j 

4_a jU>^ j *c£^ 4x-j)x^ a ^\ 4_jj3 ^\ 4_hJu (_^kl J 4 ^jjui J1<G l^j] ^ *i» a \ i d o\~^ A\ 4 n^ll 

. Jsjujjx^I A^-^JI 4fl)n \a (J^l£JL £J2 j £>A& ^jjjjll 


<uj^JI **£&** JIM20.1 

:l^Lo S^x J! 1 $j 3 Jl^ji! ^joAjjj 


cjV^xA\ ^.Vki 20 . 1.1 

cjUjkw IjUml jjjjj ^Iki L.,J (Radial Distribution System) ji «j 

4-^.aJl ^^3 (Jlx^.Vi UmJ Ja£3 S.^Jj 4_£^. (j-A IajI^ 4jAsu]I (jj£j 4_i3 j t c_9LjjV| 5 
l^JLo S^joiIxq 4 lo-v ^ ^pkJ ^lill 4_l&ijalA]| ^)j|j2l]| ^JA 4Cj^Q ^a Uaj] I I A& (j^£jjj 

t l_lujLLq OB ^Jali 4_iixj Primary F66d6r ( ^ 5 juuj^I ^ja s^jI^ 6 * v w ^ 4-alaia 

,^‘>11 CjLx^a I^-Lq ^_^kj c 1—20 cJ^jj cS^j^a) (Jj^sjj cjA 5 i£>^ Cjtx^a 4_Lo gjalj 

. Secondary Feeders u ^iA\ 
^3 Uaa. tfl CjjJla*. 1 ^ <un"j ^ ^ (Fuses) Cj|^j^a^Q (Jjj^Ja ^j£* ^joUJ^I CjLxjill fijlA (Jx-aJJj 

V -4A3 t 1 . 1 a* .ij]^ I.4A (jl £^[ 5 ^ o\Z (ji? 6 ^joUJ^)]| (Jj^a3 CjUc^aI! 

^aJ 4-Ia^2l ^-3 ^joUJ^)]| ^Jalfill (J^»* ^ 14^ (Jj*-a3 4_i]^jjaui ^AJ ^aJ ^j-oj OJajdlj ^)*jujj 

IjlA 4jc^)fl]| CjV<)^k a\\ £_}Ay 
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jIaII *21 ^ 4j4*2I 4 aIViI ^ ^jj^)jud*il (Jj^aall — £jl^)ll L_ll2l 


cialiibut on bus bar 



2i^3lA\ Loop _ \\ ^V\hi 20.1.2 


(_£I i \ >■ i l_^_9 £jjj2l 4 )n*\ a IAjj (3^® ^j2aa ^joUJ^SI ^..1*.a 1S ^aUa2l I^A ^9 

(jj*^> (j-° *24*21 S^jaj ^un CjUAslaIIs 3 °J 6 (2 — 20 4)o*\ aSI (J29 ^IjU’ 

.Ja£9 S^.l _5 4_^. 3° 4j4jl1j ^jajj (_^2I R.3Cl j31 21 ^UaJ (Jjj^C- 
S^Ij^S I 1 1 I 9 A 3 6 2£2JI ^9 Ia^ ^ 6 ^5jlO^9 ^9j L>L^ 3j*^ ^ (3 d 4 jj9aj ^jj 4_juoAj ^J3-2I 3 

jj^Vi jAj Sectionalized Single BB g^SI 3 * JS 2 JI ^ ^LaaSI BB J! 3 ! L£ .ipUk-VI 

. ^ 2 ajj L>L^. /*'•»"' 8 j )7 IjLoujI 

4_iV ^ jLp 4 _aj9 (J2 3® l)j* ^21 4j 2*JI <—a^j2=2l ^9 <2S9j 4_^3^a Loop _SI 3 ^ 2a Jsl^.V 

4_aj 9 3' ^ j IAaj (uu ^ l Cyt$) CjS'C ^ u -0 ^ 3 k ^°Sl ^jIjj ^2 (J2^. ^vWj 42aa 4 o\-v \l 3 ^ 12 

3 I * j-uiuo^JI 3 ^ I"i* a~n 9 a 9 4 ^jj£a Loop 21 cjj !2 12 Ia! & Ia&jja ^jj^jjuj Short Oircuit _SI 

c2S9j JaA9 ^kjJ)l]l <»—l9j 4 aI.1^I1ujI 3<aj ^Jal±±2 4 jAjlj ^Jl^oa i21_aA dl9^SI (JjoAJ ^9j ^j>>o-v 'i^ ^ ^ ^>o\l ^|_jj 

.4ilaJI ^9 9^2 ^a1! (Jj^^aSI ^tlflA 3 ^J 


^ Ljajl OB ^9 ^JjujJ 99j^ LOOP 21 3 ° 4x^)J2jaS! CjV^aSI ^Ac- Ljajl 3 ° ^Ua 2 l IAa (j j£jjJ 

^9 USl ^ 2)3 (gjj*l\) ^-jj^l 4 Jn^t, a (J29 4 221 4_j|4j ^3 ^^jaSI ^-uojj^SI ^JalfiSI ^1 4iLjaV2 
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:jill A_uj.ljA ; 

A_lajujj^J ^XJ (JIa^VI ^aJJj . Cj]jjjfl]| (JjoiS 4_ll^ 

. lx-0 (jj£^JI (JLo^. 1 (j! L_L^J I jl& ^JX> >.S\\ C^Uil 4 (^£j±kjol\ 



£JJ aJU^U ^ 

f5Wt 


-Ch 




Figure 20-2 Open Ring System 
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jIaII 'nII ^ 4j4*21 4 aM ) ^jj^)jud*il (Jj^aall — £jl^)ll Jjl2l 

4a-} 62! 4jjjj.Ait.nl ^jLojJaJ <212j 6 liA ^joivIj 2i (JjlL2l Radial ^Ua2 ( ^jajLaiVI ^ U»II (jl ^jJalj 
.Jaflfi 4jtnjjj]| (j-l2l ^l-laJjjVI £jLui ^Ua2l IIAj . 4-21*21 4j2£2I c_j1 tn*v ^Ic. (jS2j (JjSiI^JjuiaII 

4 n^tn £-a Open Loop 21 4 ja*jj 12^6 1^- (jjnXH ^jl 2a^.V ^3 jL 2I 2 — 20 (J^aJI 

4j-1*2I ^jj CjXjIUI Jl^.1 (JIk CjJ jjti t 4^itlJI 4 j2 a~c> VI SJ)Lj] i212j c2Lai£VI -4^.1 ^ 4-a*jjflA 

. ^)6*VI ^JA 


12a »iaj ^jla ^ Radial) 4JjiL2l 4 _aj)Via1I ^ja 1 a^^v ^>i£l uj^ ^Ua2l 11 a ^a 4 jc»j2I cjVj^aIIj 
_j <._sj*j Ia (JvL^. (jA Loop 2L (Jj)*\ a J< Lnj^j. ^jLoJI ^ IaS kVA 21 CjIjjac- Sj2Lj CjV^a ^I2a2l 

.RMU 

4 5 ^) jLolJI 4^JS». 4jJl*2l ^ptj IaIj £JljjJ 4 ^A (JA (10^ J 9^) (jAAjll 4^JS». ^JJaII 4jA*J ^plj 2ij 

. 4 l~i~\ aII (JjoAJ (Ja CjLAsla ^ja jbj^J 2ij 6 4 2-i^t a ^ja ^ (5^ 


LOOP_\\ ^.\Aht 20.1.3 

Cjlj^xJli 4 j jl.a" £■ V1 SJjIjJ)] 1 jlA^ 6 4jjUI (Jjjjl ^ 4xli-d 4_ftUl <j^£j ^Uajll IjA ^—3 



o±xk±* ^ja 4_A^la 4 _ajL La (jj£j 

^Jjjja^-All bl£ ^j6j (jl 4-21 a" la £.222 J i 
4j2 aWL J12Lj c i?j* t>i (JLu^.1 ^a 

uVI J 3-20 l£22> 
sIajla Xia C5 iL2l Loop 21 cc a s^ja^jAll 
Distribution S/S) ^aII ^ jfnU ^ 

(jjnl'V (JA (_5^LA 4-JOlftj ^jjaII IIAj ^ 

Sub Transmission 21 ^ j nrtVs A 

VL-<» ^g.) q»j IIaj c 4 j^1s2I 
^a 1216 Iajl^j ^1 CjI^jjoJI 6^2 ^jjaLII 
. 4_a 1^2I ^2aL2l 

^^ia CjIjja 62I ^ JaVI 4jL L-kaj| 

21 ^ jL2l Radial 21 4 ja*2I 4JX 
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jill 4 joi.Ha ; £_jI jll c_j\j£]| 


c> 


\ 4jA* 2I dul^ 1 a\u . I^ R 4_xuB lijjl ^ c > intnj I 1 a j 1.1a. Ixijjoa laaJI JjVi Sections 
. CjtajAiJI JjVi (^lAj ^3 U J^>^ 

L£ JaaJ) 4jl^j ^ (jjjjai Ljalilaj) .laJ via £JijjJ Ljajl ^jjoiaJJ £)) C_)Lj&Lall (jjuiaH ^^ic. CJJjJLJj 

Radial system J! 3JU ^ 

^ £jLui 4 j£J ( l^pb V} J^ ^aUa2l IIa .laJ V 12j 42l*JI 4jll£2l L-lLma. ^-llalL 

. Synchronization J! ^bau 4_>t ^Ik2) )1 a ^ ^\j Jj^ 

<■**l 3 _ 3 ^ l^s 33kV 2 ^ ^ ^ cjLqj)Ivi ^ ^ ^jaiLaiV) ^a Closed Loop _ll ^»Uaj (j^ 

. AjzAxoxII 4&laJI ^Uaij bbL J^aJI 6AA dlUaavi laJj ^JJ 



jVi^ 4-iii.kj 20.1.4 


lav* jl (J^aiaHjbl ^\l jl JajuijlLbl ^31 ^ic. ^ 4_a.^1 ^)b£ .He. .la,jJ 

: 4-20 JS^I ^ U£ (2 out of 3) ^LLn J**j ^1 j 

^b&2l 121c.^ (Jj^aB £oJaj ^B C2b]| ^bl2lj (Jjj^aj^ £jJaj ^B JaflB ^j y^\"\Q^ ^» n L>\1 

bfbjba jj! 3 ^-ba-aH c 3lijB vIj-o 2 lib . l^>i3M j^L^a2( ^aJJ V (3 

. ^pL^a2l £_l 2 j ^Ac. CjU^UI alA ^ . 



^i\^.\\ <L*Ahl\ 20.1.5 

Radial S^jI. 1 -la.1^11 ^jjj2l ^)j]j.B ^J\ ^j^xuB (J^JjoiLq (_)^ ^lalla.^ 4vJaj| ^ 

4jL-olaJI 4oLi*1 ^ 4_a^il SLD (JlLoj 5 — 20 (J^ k "^ .t211 (_y& (_y* ja2a> Lq jjj t Open LOOP 

.(JiuJ) ^ ^jJajj jA Lg£[ ^allaj jj£I ^A^JjujJ L—Ua> L-AJjjoj 
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jIaII 'nII ^ 4j4*j]I 4 aM ) ^jj^)jud*il (Jj^aall — £jl^)ll C_lt3l 

^4Aa 1I £jJa^]| LS^li ^- Ut 1 Jl^ <*—iLAsla]! ^jjj (Jj^aJ (jj£l^jaJI -^ 5^9 Jaa*V 

.^gjoUJ^ll (_£J 1 *_a]| (Jj^aS 4 X fn ^pVM 4_£aJI 3 ° 4_jAiIlll 4_a.l_aJI JUC- VI 3^ V 9 

tilljAj two Soctions ^Ac* 11 ^^ ^jaLojj 4 l~*~\ aII 3 I 3A jud ^ l)^ l ~ n Jaa.V 

4j^xj1I (Jj^j ^j£Loj <-** n^j 3 ^ 3 ° 3 ^ 4_ic^)a]| CjL^laII 3 ^ (4-ajj^ 3 ^ 1 ^) Jaljjjl 

. 4i>La^ (JUaC>V lj 4-jLu-allj < 9 j^)ia > ^ ^ >v ^juo3 30 
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jill ; £_jI jll c_j\j£]| 
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Figure 20-5 


% (J^pj (JI^joiV ^oUu Uu3J 

4 4j^Lgjc>V 1 4_^p. 4 _i^jc^ 4jjjj>a JaLiHuol I^-Lq .1^.]^ (_]£j — ^jjuo ^jjc- 
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^ Vi ■ •*. 11 A aUii' 'j .j J ■ - £jl^)]l t. . il A\ 


IEEE Recommended Practice for Electric Power i_it£ (j-a 4 _IjAIa 1) 

( Distribution 


a) Single-line: b) Ring-main: 


1 

i r 

i i 

nr 

I 

/ 

i i 

r 

1 

l 

MV A 

1 l 

N MV A 

1 

LV S 

j LV \ 



' { 

! 

MLVS 

MLVS | 



c) Duplicate supply: 


d) Double busbar with duplicate supply: 
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j1a]| 'nII ^ A_p*jll A aIViI ^ ^jj^)jud*il (Jj^aall — C_lL2l 
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DG £j$il J$AJ 20.2 


^aJ AiUal! (Jij 4 _L^a 1 g * nj .1 Jjj 4_L^aj J!1aj IajI^ Cijli Aj.'n frill A-iJ^ill <Laj)hu 

oil .6-20 JiSJt ^ ^ 

O-Q AiiUall .lilJJ ^aJaj Qj)g In £A 

S^Vudlj S^J^JI Ailkl! jjl 
0;A*J ^L^ll jl AjjalAJUdll \SXLl\ Jl* 
A A^laLall di^ju-als 4 A A^laLall (Jijai 
S^^aII jj) a oh-v ^ 

AjJnfril! £jj_pll ^xlaj oc. 

4^1 J iV 7-20 Jiilt 

A_a jJalxill AjIaj ^^3 y^^A O^ 3 
t ^A A~N k^k\\ AjJufrill CjUo^aII^ 
Ljajl A_a jJalxill AjI^j ^ bJ 
(S-iuaJI AiUall CjUa^-A^ (JIa^VI oli^ 3 


Level 1 


Level 2 


Level 3 


Lev el 4 



| 

<< 



Figure 20-6 Traditional Power Distribution 




























:jill 

(Jlx^Vl Ia.^jaTi ^ Ullc- SJj.W x>\l CjIj^II dsli) ft ^vKll AiUall CjUo^aq o' ^ic. Jic.Lujj 

CjUa^xJI ^Jjj^c. ( ^Ac- 6 (J^UM ^Jajail lAjljaijl CjUa^xJI fiAA (J^UM 0| SjjojIj-q 

. LilJJ O’ (Jj^** UM ' ft " 0 -0 0^ C5^!i ( 4£ La^jJa]| Cjlij 4j,^j\j?Ml 



Fiscryy Flow 



I Clergy Flow 



Figure 20-7 


Ci\j.ix 20.2.1 

^3 lc>j ja Ai]4-^4 jIaj ^3 Ja£3 AaIj^' C-lix-a. (_£^l 4_>ajlVi/al SAjA^JI aA& 

Distributed aa!^' ^o^ii 6 8 — 20 aC n~\K ot^* o^ o^' 

0 ^ ^ c^5^]' 4 ^o^JaLo (_]£Luu^l O -0 4oh-v^ 4 jc^j cjj^Ja .Generetion, DO 

.£jjj^' ^aJaj ^3 SAjAaJI CjL^jV' 0^ Q 4_^.Lola (JxqJ (J^Luu^j 6A& l " 
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j1a]| 'nII ^ A aIViI ^ ^jj^)jud*il (Jj^aall — £j|^)ll L_lUl 



Solar 
Unit 'gf 


Ranch or 
Fanil 


Solar Farm 


Figure 20-8 ^AyW 


Jj]jjh A laJUj^jll (_]£Loia]| ^Aj LaiSj 


Coordination _ ^iuoiii_\\ <A.\^juia 20.2.2 

^ainj i 4jt§ j\\ S^_^A JjjaJJ ^AsU AASjoia DG .111jj]| £A ^2a ^A3 (JIja]| (JjJjud ^Ac. 

^Aa DG Jl J^2s.j Ul 6 C±jtj j -V W ^ l-UJjjI Uula 4_jli^11 S^_^A (jj.uaj JaJjJa ^j^aaII ^ja <j\S 4jJu1a2I 

^ASjoia Cjj^Ja ^aJ (j ^5 6 tijtj (j lA* Ailjjll 4 aj3 V 5 Ailjjll ^jI^a vLs 6 CjjIj ^_joj Jbu 

^pL^aA (jA 4 _ajIa]| AjaljJaVi <■ > 'y ^ (jISa]| (JaAj (JiaaAl (jlS (JAaaAl ^)1 jj 4^u3 

. 9 — 20 (JSjoAI US 4_aaa1I S^i*ja]I ^jjjaII -l2 jj]I 
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jill ; £_jI jll c_j\j£]| 


Normal fault current 
rn , fror £ the W«Jher 

voltage level Upj 




CB4 


CB1 


©=B= 


Utility Grid 


tC3 — •> — Q -1 


!. 

Possibility of relaystripping due 
to the upstream current 

| CB6 » -4 CB7 




CB5 


CB8 



T 

j 

j 

i 

i 


■•—•••—•••! 





JUi 



CB9 


7 \ DC 

('V) to 


DG unit contributes 
the fault 


Figure 20-9 


4_^)jai Ia^ (JJajJI jLp e\li Ajli^11 (jJJ (jjjamll jjJiijj i^VNaj AjJuliLill ^IVill ^£3 

.DG J! <■* \u I^lLo 11 U’ u^l ^(Jj^aall ^9 


2Jl Vjuix A 20.2.3 

(_)j DG _11 j^J ic. jl <^5^3 l , u ^ AjsLaaII ajISjII aJojujI^j 4_jjjo^aII ^LolaII 4_ajs ^jjuj La£ 

(JlaaJl <jjjJ DG J1 (jjj Ia^ kk 11 ^ja jIaII jLnll 4 _aj9 <- > ^ DG 21 12& 4^)Loia AjjuoJ L_Lat^. 

(Jk»* 11 4iLalA ^JAJ 6 Ajls^ll jIaII jLnll 4_Aj9 (Jk>* 11 *Lul (10-20 L&J1 

. jKaII (JjoAj ^9 11 (jl ^a!1 



DG 



Figure 20-10 
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j1a]| 'nII ^ AaAiall A aJVi) ^ ^jj^)jud*il (Jj^aall — £jl^)ll C_al2l 


j i^<?A\ 4 .\^juia 20.2.4 

t A '°\ .. >>^\i 00 21 5^3 <- > ^ ^ \c. ^ijjjjuo A<u~\l ^jiaxJ ^3 jLjj 4^oj 3 ^jl (JjjLuill (_)^a21 ^ja Ja^,V 

AjAa. lajAl ^)U^a DO 21 4iLjal A*a laj£A ; (jaaA J v (j-° (J2a*Jl ^)laj aasLjal (JjA3 

^axj] Short circuit Capacity 21 a_Aas j^Laa ^ > ^as 1 aa _9 t (J2a*Jl jlaa a_Aas ^ja ^ij Iaa 

. JuAaJl (JiaaJl jlaj a -vjVi (Jjjja^a (jl ^j^aj l^jj ^ uj Iaa t CjIAslaII 


Islanding a^Sa* 20.2.5 

l^j 1 ■ oikij Islanding _I1 4 \^., : r^ sjjj^a (_)js 0 ^ ^Jaai ^Ac. * ** * * 1 ^. ^_AI (j£^A.Vl (JS 1 .A ^11 Cy^j 
1 auj ^11—20 Jisll ^ Breaker A 21 ^as a*_j aJ jaII a£±u^ aa^ 1^221 aaAiall a_A jIviaI ciajAa. 

.(J^joJI ^ l£ (JIa^VI aaAia (jf~ Iaj^Aaj aJjpuLAj aJjJ >*-a 5)j^. l^al^ DO ^jjaAll Ailjail ^34^ L 5 ^ 


Island 



Figure 20-11 Islanding Problem 


i L^_1a l_jLlujI Sa*J 00 _11 Sj^J (Jj^a3j aiLia^l ax^ 


_9jlall 1 A&o 


l^a ^Luj aJ£jjiA i2la^3 ^Jlallaj aajoUJ^ll a^jjuill Aau (_|a^ 21 ^_£A*a <jl ^ja (Jlil DO -11 SjA3 — 1 

Weak Source 1^1 <jAJ ^ 

A^fcjj V a_j| LdUa (JIaI lo^ll (j! Ja^Jl aalaA^all (j^un Breaker A 21 ^as a*_j — 2 
Jsl^V .(_£p.Vl a_^Jl ^ DG 21 jAa^sa tillaA <jl aAc. 4-U*a A3j 4 jAa^aII ^ja aaAia 

A^.1 ^aJ^ J^)^-a ^3j a_j-salA. CjIj^Ia 5J^.ja (jj£a A3 x^iaII 6AA (jl 

V 9 aAaflll Ih a jac- ^alall jAa^a!! IaA ^j! A Kx^iaII .a^ntill A »j n aaAlj ^AIxasaII 

(Jaa^aI a rKJ . Wj) ^ ^5 l^a ^aAc. V Jlallaj a ^ 'i-v \\ , 2 ^-aj 5 l_ 2 k 3 ^a L^jaAA ojA^a A 3 j c ^jI^aII 

Islanding 21 aJL^. c_al2r^l ^ja ajV 131j . aanjlS^ll a a)ViV1 Ia^ ^jja^Jl ^ja l^^ll 

. DG 21 Jj^as axjjujj 
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jill ; £_jI jll c_j\j£]| 


^ JUu^l tilUA jli t Islanding J! lJI^I DG Ji J*^a ^ 3JU. -3 
.Synchronization 1 m s^jj^ ^i~ihi <jl 4_^l*JI 4^n~ill 

.^tlsLxi yji£~ A^jjl U^lp &34^ Uj^ L& 

Sjj) .uix&]| cijl^j>U 4 ^jjoJ DG _ll AiljJal (jf~ 4_^jU SJdJic. (j£^.l (_)£Laui 

li* ^ 
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&2A ij'v JajojjlxJ) Ji^JI 4 _L*ja t 4_i^ jjjjII CjKhm ^\j^\ ^^A 

JjiallxJjj jjL^xaJ t_aljjVl 4 jj|^JI CjI^JjoJI j*iVn . -j^Q'v \*W A^JI 4^Jjoi IAjj IaAjuj i £jjjjll 

AjjljjLujV I 4 Kx^l]^ . Al i j (JUnC-V 1 t—fll 4 _Ii^juj j 4 <■ ojtKMl 4_13j 4_LaLoullj jj^Ti t~ n\ 6 4jji^u^all 

. 4JjJajVI CjI^JjoiII l^JUaC-l 4 _JjoiJ (j! Ia^ 4 jliull tgjl l^J 

^Aj IaU 1-lJA ^jl tilli ^3 L_LLudllj C I Ju£^j 4 jSL}JaV1 SJ^HaII CjLV$ 1I ^3 jjLuUjl L—UjjtJij 

4jjJaj! 4 C 1 " j 1 ^ ^ I^IaIs ^3 l^JUacJj (J^Luia 1 > V 4jj|^JI 4^Jjui 1I ^jl LolUa 4il 

.?4il£j 


<yy|£Ail &j£*JI alU ^ 21.1 


. Radial and Ring (Loop) : <jj«jUI <jj&jjSI <_>*& iul^l cA£ui]l <> ^jj 


Radial <Ll£\ ^\cA^A\%\ 21 . 1.1 


<ja 4^jjoJ) Iajj CLu. 


v ajj (_03 c5*^i cs^ Rsdisl J! ^ill (j-o 4 ki)\ 1 21 (J^jaII ^k 

^joUJJ (_£A*LA 1^_1a ^(J^jolll L_J^)C. L-J^i^. ^ L_9 til 66/1 1 4 X\ 














I A& (Jj^aJJ ^aJ ^ Ja£9 4 jjoUJ^)]| 4 L>*\ a \\ ^^JaALa 2xkj 120 4-I^la >AJJ 

Jalij (j-o Sjjj^ cjLa*-a lilli axj 4_Lq gjajj Main Faadar ^j^JI ^auj^l ^aslaIL <JjI£]| 

^Ijjjj ^ASIj c c3 ^ CjV^-aII A^J 4ju^j3j (J^ 4j1^j (_£A*A] Tap - Off ^ajJj aIaLoi^ 

.(J^juJI (j-a ^jJajj La^ ^n-al C-il^S^L^ 250 50 (jjiJ La l^JjAi 


509 




^4_AlAajui jIaII pi ^ (jj^)jud*ilj (_£alaJl — £jlpl c_lL2l 

(jJiajVI ^Ac. 4 AAa (_£^a.lj SAaC-I ^Ac. 4a1*_a CaV^a-A j 4jjJajl Cj>Ij1^j 4aap& £paJ ^ja 1 Alp's 4 ^JjoAI pa Iptc.j 

. RM U _JI CalAa^j 4 L^a j 


Ring IjuO y\\ VaVl 21 . 1.2 

(_£A*_a]| ^^.3 (JAaC. cLjjAa* AjC- 4jA*A]| ^UaAjI (Jja FR.3d j 3 1 _J! (Jjj^apll £a LaJJ pill (_]£Loja]| 4>jVi 

<A_ua* Ring pilaJI Jjj^ajjl! ^Uaj p.vVnul pb 4 aj^£AI 4_ja*a1I ^ILaj) spa j J£IAa 1! Alij JaJj c^opp! 

^Ua2l lAA (Jaju l~ n^v ^jLoAI (Jj^aflll ^3 liiJ p (3^ La^ 4_apflA 4 Aifl'i 1 a^ m (jpljj 3^jAa]| 4jA*all pa 

.4Ajc^j (JAa*AI JjI^a l al Julj P\^*uha\ 1 Pjj^ill SblcA ^Ao 


p_buj La (JAaC- CajAa. Aixa 6 RMU 4_iiila> SA^j (JvLa, 3° pia Jap I pa 4_ialjA 4 ^Jjui ^jJaja 2 21 (J^juAI 

^jI^AI L-»^ j] ^juoa (JaC> pa (Jj» xTAl ^juo 3 (J>La* 3 d p t 1 pj £ppl 4ap Aac> (JaI^ALj (_£Ajla]| <AHA (JU-a5 
cpa.VI pi 4aAia]| Sblcp (Jp-Aall ^juo 3 pa AaAasta >Lja j^juXa (JjptAI AaJ p ( —aLaa^l p lAla 6 * ^j 7 >- A\ 3f*A^ 

!4jjV 1 CalpaaAl <■ > ^ ^ paC. L^J pill 4oL->*^\l (Jj^aa Axa (_£p*VI 



4 *AIa 

Figure 21-2 RMU in OHD 


( __pajjtj (JaC- p 1 pj 4_plaAI SAap] ^c^)aA! e_ijla. p-aa pa — 1 
pill aoUu\l (Jjc. p Jia ppa AUAjj 6 pajjta (JaC- p 2 pj 4piaJI SAap] ^jaJ! e__ijla. p^aa pa — 2 

.(JAaC. l^J 

. 3 pj 4plaJ! SAapI ^ SJ^ajAl) aj*jp\i AapflAl) a Uo^l J^La 3 ° 4j-^* 2^ S^lc-I pj — 3 
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jill AjoiaA ; £j| c_jU£]| 


l$All gdj^JI 



{£i£ AataMlLdlfll 21.2 


'. 4_UjoLujI Lo y&£* <aCu~\1 e£\\\ 

%}Ji\ -1 

(iiSl^l ^DL-Vl) 0^1 -2 
Jjl^l -3 

CjIsuLo — 4 
C jI ) fr Aflllg — 5 

cS^j^aW — 6 

(Jlkc-VI Cjlin^ —7 

! fi 2A (Jjj-alflJ ^_L Loi5la 


Ja«i£*ll JAAll cl21.3 


: l_^_La CjI^Jjui SjLaC-Vl (j-o SJAaIa 

SAaC-VI • 
A_ijA3Lx2l SAaC-VI • 



(3-21 l)^ 1 ) saac-VI —1 

S^jaulo C-JljVj Iaj^ AjuLoi C_ul£ 

I^J3 jaj^JJ £121 ^ 

£^21 IJA (jl UuuiV L-sLaL^M 

Cj5j Ajjj^L Jjaxuj SAac-VI 

^ jS&VI ^^Aj 6 ^-1^)31 

l^-L^ll* ^ ^JJj 6 lju£ 

A_j^ft3t3l aI^juuq c_i1xj 13 A_ul_bo_i^ 


Figure 21-3 £Uj2I ^ 6^ £j! 


S-Laci ^A I S-Lac-V 1 —2 


UfL 1000/750/500/350 a2i J^Vnj Ia^Ls ^ ^£1 ^1^.21 lA^ka 

^3 AjuLoi C_ljl£ (jjj Jiij jt/ixi ^ *La^Vnnx^ 1 1 kV Jj)^\3 j Agio's a\\ l^jj|^3a3 
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(4_AlJajai jIaII Ag ^11 ^ (jj^)jud*ilj (_£ALaJl — £j|pl laLaII 

l^j£j 4 cKa l^jl ^aCjj . UIaI ^)j£l is^ U^J L . SAacJ ^ja ( ^1c.I 4_iJ^£j| 1^1 a jULa (jj£J 

Ia^lj 4ajUa (JjjJa IAjaCj Uj£ 4_jljj^al V 


^)Jja|^a (jc* SjIaC- j Jajuo j1a]I A^j^JI CjI^Jja L_lL^a]| ^Jja|ja]I SAaC-I ^A^JjaJ I L-iL^all ^JjaI^^a SAaC*I — 3 

4_LklAI a ^)JjaI^a (Aj>\j l^J^la ^.aAj j i t&JAC- SaL^I (J<nUj ^>Uaj 1^\j^Tl ^aJJ L_lix^a]| (Ja 

llkV Aj^N ^ ^AiAjauj jlo 0*25 ^ 


JxAaal jjA*jj (>4^! aja^JI ^ Ujj ^ lp£U : Steel Structure Tower a ^ W saa^^I -4 

I^JAC.1a (Jjjaflj CjLuIIj ^jaJJ l^jl LoS AjA Sp] I^Ia^JJ 4Alj)>^lll (JIacJ J)^ jaJ J)JaT 1 !J AAjLuoII ^IpVl (JA 

l^jc-ljj ^gic. 4_jal£ Spa jaj j! (Jp Aja Spl dLJa^u IaI l^ili 4-Aj^l^x^i Saac-VI IaI < AjujaII 

. IgJJpJ J)^ja J j $ Aj AA3 


Aja*JI (jt^A i~ n^v ^ja SAaC-VI t fljn^i A^ajj 


AjA£^_Jfl^Ap| SjA^j —6 


■IaAjoU 


JaiJI dl^jl ^JJLJ tillAA CJ3^ V ^ p AjaxII ^Ac. 4jjLa!±a CjvL-a jaII Aja Sp <■** ^a, 

L_Al*JI . In'S 11 SAaC'I ^Ia^J ^ja %80 (JjAJ j (4-21 JaiJI ^ja 4_ajaLaa]| CjIjIjaa]| ^ fjja 

. IaAojI SjIjVI CjUaIj £_jjp]| CjV^-A Ljajl (Ja^J SAaC-VI aAA (jAaJUj . ^JJAjaC- (J^ ^jjj ^1 a 80 4iljAA AljJJ 



Figure 21-4 


AAuil d Aa^ I 7 


















Axj Ajui J y&Z* ^.\^S\ 


Ul^o 


CJvL^a(jljjl (j-o AjoAI 

5 - 21 (J^oAl ^ L£ l-i'sll ^)Laixi jjjjm Ak. c^l^j 6 




Figure 21-5 


JaiJI AjI^j jl AjUj 

J£kJI ^_3 L£ JLuj 5^3 (Jji^Aj St w jj l_uL^ JLoi SAacA l^jl ^Ac. SAaoV I AHj a ^ 

. 6-21 
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(AjjIJ ajai jIaII ^ j 4_lL2l 



Figure 21-6 


bailj)^ I JAaJI 


I Jjl$*Jl21.4 


£_i a! (illij 4 ^}2I ^ki\y q£~ Cj>L^a j-aII Cj>L^a j-aII ^A (JjIjjlSI 4flj)oj 

\ £ '\A°l 4 S^U CJnlN S<^C« ^ ^ 1 a . (_>^JV CjvL^aj-<2l (jdJ 4 IgjJaxJj CjvL^aj-all (JJJ 

• (a4“Ji4l) 


S^c- ^1 (JjIjjlSI 4j2 


4 Alx^ajj 4 4 ^3 J4^VI Ajjf^jjj (JjlxJj Jill IftiJa ^pkJ <■ 

.^l^judll U*1L2! (Jjlcj 4 (Jjlc-j 4 jI.a.ola (Jjlc. 1$-1a ^ 54 ! 



Figure 21-7 Pin type insulator 


I jIauxaSI J jl c> 

^aJI CjV^Ic- ( 7-21 J&») ^ 75 ^ 

JLuj 5^3 (_$\ (jjJ 2aA3 Cj>L^aj>2) (_)-a^2 2sjujj!1a]| 

.JaAS ^jixdll S2 LaC.I £_a p W nnj^ 
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1 &f\ 

1 



V 



Suspension Insulators J 

4_j2lia]| ^ J 



(j-a ^3^11 j .8 21 (j-o 

saac-Ij c jjuJI 

4Jl^. ^_1^)J CJJ^ 4 4 jIaJI 

uj% 22kv^. 4JU ^ 4 j^ j! llkv ^ 

. dlvL^a Ajoi 4 AAksyA 


Figure 21-8 Suspension Insulation 



:Strain Type ^ 

(jj^juaS 6 ^jLuoaII ^9 4_2j|} *^5^3 Ajc. 6 JaiJI 4_jl^j ^9 
I A& ^jj 9 6 Sj_u^ JLuj (_£^a] LAsjjlx Ja^JI 

^AkjjaU ^^5 . JaiJI ^ AjoJI (_yA qst\-\~\\\ 
. cJjS jL£ 11 <j>a 



Shackle Type Jt 

Jaia LilL^. ^a^jjoij y&j c Strain Insulators Lojab Iaa 

J LujjIj LiASl a^Vuiij -jl ^j^aj I A&j . 1 a] 1 A^^JI (Jaj ^9 

. ^A^JjoL Ja^JI 


SHACKLE TYPE 


!a! l^JvLk jLp LjJjjujjj ^jl 


C^W^duH (J jl^ 

l^jl Luj .9 21 ^9 L£ SAaC'VI c ** J>~~ t L-lix^a cilvLoil 


^jaaj ^Ac. 4 ^\ n^o*i\l 4jj 31^3 j . jLnl! L_JjjajJ £_1 a 1 S^j-all ^9 L£ J)l Ajjall c^lLaJI Jojuo j ^3 (Jjc. J 333 Ja^-V 
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Figure 21-9 


<hy|^ll tillSrtMllJI 21.5 


Tension clamp cAi**^ 21.5.1 


4j Ja^JI al^j! ^9 ^jj-oLaui 4 j V ^)* i^Vl t U^L)^ U -0 Uj^L9 

. Sjj j^all ^ L£ ^)2I jLojaixi 4 jLcluui 3 ^IAjuj ^-XUjjJ j 4 ^J-oLalxi 4 ^1 3 

(JjJaflJj 4 ^Jajuall I2& ^Ac. JbaAl *UjI c^lLaJj LaLaJ ^jjaLal jA JLuaII ^JojuJI ^jjj^j ^jl L_l^Jj 

.^aLq^IVI (j-a JaJjjaaJ IAa TjjiaJJ 



jJ Jixu 10-21 L^J» ^ 4 JUI Sj^JI 

. cjUavI^II 



Figure 21-10 ciL^ys. 
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j$\\ 4jujA 1& ; £j| j]| C_jU£]| 
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t^VAuA\ 21.5.2 


ja Circuit Breaker s>jWI Disconnecting Switch a wc. »\\ <jjj jji ^Ua Vjl 

6 ( ^9 lijJL: ' i (Jt->r- ^_lc. ji ^ ^ r - (J ‘ Jjl ^Aj c (_ 

. LjjIaIj (JUaC-VI CjIjIjj clip. ^gic. 4 A£^a]| 4jli^11 S^pJ 


; l^jli Lol 


ijAjM o^\^A\ = ^ ?> il\ 21.5.3 


4lLpal] ^Ae. ^jj ^ull Cjijjllall ^a ^ c Jaia >UI AAL^. ^a (Jj^aaj Iaa 

3 Ajj^juj L_U^JJ ^aJJ <■** tl AjAal Ja^JI AA^pJl] jl (jUaC-Vi ^"vix-aV 

• A_ie^)&II Aa^Aa^AI *\ ■>. t l ^ 


Cjlau^lll A_Aaj Alcj ^gjaUJ^H Aa^JI AjIaj Aic. 4 jj[^A) aJJj 



I (11 21 J^l) eApA (J* 

AplAll A_aJ jojV( CjjIAI! c/pJI — 1 

4^plL<AI 4_aAjosVi ^.auu j ci^p!L<AI — 2 

6 (JjAaJ AjA^. Sj^jujLoj AAjL-apj Ajj^juAI Aj — 3 
(Jn^ijllij (J >■ ^oW A\\aCl J ^ nul jfijQ 
. J^ae- Asians CuK IAI (JfljoaVi 


Figure 21-11 <£\j* Ai£^ 



4^A^Lula]| ^>i£l£uAI Ajum 

4jj1*_a]I Cjljujijll Ale. Cjj^j^axAL 

jiJ 200 

^gjuajj^l Ja^JI Ajpal 

J^i 400 

Ja^JI AjIAj Ale. 

JJfal 630 
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^AjjIJ ajai jIaII ^ (jj^)jud*ilj — £jl^)ll c_lL2l 



Load Break Switch : ^ViW ^i\\ 21 . 5.4 



J&J ^ (JL >»\\ ^Ac* A 4j£i (J-a^JI 

. Load Break Switch 
SF6 -SI jLu Jj3x>q 12 — 21 

. ^SJuJic. Jl^Sl c2La) 


Figure 21-2112 LBS 


I JAAll annuli <iiiLfl$il21.6 


ol^jl Oj^\J 4_jjijjLw AjjjjiaJ 4Jij). W ^ cil>Luj| SjLc. 2ajL-v \1 4 ^ K" i Cj>L^aj^2l ~ ^ 

. 4jjjLu2! 4&llaH ^ (J^JI AAlla (J£ ^ cilvLaiVI (J^ 

dlvL^aj^2l ^a ^Iji! 21 4Chn ^ja ^1 ^a L^'u^»z\\l 4 ]jJ1^a]| dlvL-a jaII ^Jj A^LjaVLj 

L_JjJC. ^ja (j^J AaIj^aII L_9j^)ia]l ^3 Aajj^JI (Ja 2I Lijlt-v CjUklAl (J^L^JI (JjJaSl ^Jaxj ^2|j 

l_2L^]I j! ^Uall AiLjal (._ia>j I21j 4 CjIjLuj ^jjojI 4a*j.lJ AjJaA^AA sjl^x«ajl AJafij ^jl ^jjIa^IVI 

. Aj^a|^^» ^jJaxJ ja!>U 


CjvL^a ja]| (JA A_A^Jjo1a1I <J>I3M 


(ALL Aluminum Conductor) iass ^jaiajlVl cj^L^o • 

Aluminum Conductor Steel Reinforced (ACSR)^!^ • 

All-Aluminum Alloy Conductor (AAAC) c&Lu, o)L. r • 

Aluminum Conductor Aluminum l&lji fjAu^ 1 • 

Reinforced (ACAR) 

Aluminum Conductor Steel Supported <-A^lh ^lji ?j£a$\ a^ • 

(ACSS) 


^ y^i .ill c l^J jLuJI _)j ■ ^jj L_j^Ua>a]| (JLo^PU lfi2a C^aij-oll ^JaJLo 4 a,Luw jUlra.1 

^3 U^i La^ L—il^alLi A a ... .11 f-1^jV 1 j-j ilj . ^3 4-<u3 jjJj V 


2^ 25/150 c 2^ 21/ 120.2^ 15/95 « 2 r 12/70 « 2 r 8/50 « 2^ 6/35 
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j^y (j^£jj (jl DIN Jl Cjl&x-aj^a (. - lx ^ 6/35 ^ "i* 

2^35 ^-laiLo • 

2^o 6 £-la&A 4 _^.LouU L_llj^a]l • 

j^y (^y Cj>tal£]| &1& laJ 1 21 

.cil>LujVi 6AA 4^1juJ (_)^ ^ Ii0^\ 4_^.1_jo1A J i->0z\\l S^Lq (_)^ (j-G ^ A^i^H 


Ta&fe .27-7 



Jajai jIaII ^ ^jj^)jud*ilj c_jLa1I 


Egytech - code 

Nominal 

cross 

sectional area 

Number and nominal 

diameters of wires 

Max. DC. 

resistance 

at 20 °C 

Calculated 

breaking 

load 

Approx. 

overall 

diameter 

Approx. 

weight 

Aluminium 

Steel 

mnr 

nr x 0 (mm) 

nr x 0 (mm) 

ilf km 

kn 

mm 

kg/km 



a - According to DIN 48204 



ACO-TOOI-U11 

16/2.5 

6 x 1.80 

1 x 1.80 

1.8750 

5.62 

5.4 

62 

ACO-TOOI-U12 

25/4 

6 x 2.25 

1 x 2.25 

1.2060 

8.39 

6.8 

97 

AC0-T001-U13 

35/6 

6 x 2.70 

1 x 2.70 

0.8365 

11.92 

8.1 

139 

AC0-T001-U14 

50/8 

6 x 3.20 

1 x 3.20 

0.5941 

16.72 

9.6 

196 

AC0-T001-U15 

70 /I 2 

26x1.80 

7 x 1.45 

0.4130 

24.97 

11.6 

276 

AC0-T001-U16 

95 /15 

26x2.10 

7 x 1.65 

0.3058 

32.19 

13.4 

369 

AC0-T001-U17 

120 /21 

26 x 2.45 

7 x 1.95 

0.2530 

41.43 

15.7 

507 

AC0-T001-U18 

150/25 

26 x 2.70 

7 x 2.15 

0.1939 

52.34 

17.3 

630 

AC0-T001 -U19 

185/32 

26 x 3.00 

7 x 2.40 

0.1640 

64.78 

19.2 

762 

AC0-T001-U21 

210/36 

26 x 3.20 

7 x 2.55 

0.1410 

73.44 

20.5 

865 

ACO-TOOI-U 20 

240 / 40 

26 x 3.40 

7 x 2.70 

0.1188 

82.58 

21.7 

974 

AC0-T001-U31 

380 / 50 

54 x 3.00 

7 x 3.00 

0.0757 

120.90 

27.0 

1448 


Cables - code 

name 

Nominal 

cross 

sectional area 

Number and nominal 

diameters of wires 

Total 

cross-sectional 

area 

Max. DC. 

resistance 

at 20 °C 

Calculated 

breaking 

load 

Approx. 

overaLl 

diameter 

Approx. 

weight 

Aluminium 

Steel 

mm 2 

nr x 0 (mm) 

nr x 0 (mm) 

mm 2 

Q/km 

kn 

mm 

kg/km 




b - According to BS 215 





Gopher 

25 

6/2.36 

1 / 2.36 

30.62 

1 0930 

9.61 

7.08 

106 

Weasel 

30 

6/2.59 

1 f 2.59 

36.88 

0.9077 

11.45 

7.77 

128 

Ferret 

40 

6/3.00 

1 / 3.00 

49.48 

0.6766 

15.20 

9.00 

172 

Rabbit 

50 

6/3.35 

1 / 3.35 

61.70 

0.5426_. 

18.40 

10.05 

214 

Horse 

70 

12/2.79 

7 / 2.79 

116.20 

0.3936 

61.20 

13.95 

538 

Dog 

100 

6/4.72 

7/ 1.57 

118.50 

0.2733 

32.70 

14.15 

394 

Wolf 

150 

30/2.59 

7 / 2.59 

194.90 

0.1828 

69.20 

18.13 

726 

Dingo 

150 

18/3.35 

1 / 3.35 

167.50 

0.1815 

35.70 

16.75 

506 

Lynx 

175 

30/2.79 

7 / 2.79 

226.20 

0.1576 

79.80 

19.53 

842 

Caracal 

175 

18/3.61 

1 / 3.61 

194.50 

0.1563 

41.10 

18.05 

587 

Panther 

200 

30/3.00 

7 / 3.00 

261.50 

0.1363 

92.25 

21.00 

974 

Jaguar 

200 

18/ 3 86 

1 / 3.86 

222.30 

0.1367 

46.60 

19.30 

671 

Zebra 

400 

54/3.18 

7/3.18 

484.50 

0.0674 

131.90 

28.62 

1621 


— l (_pVl ^g-C.ljJ Jae-Laijl 

.LjJJJjjI) CS^ ^ 15 6^5 AjCjaI! Ja_^Sakil 2 ^a 12/70 ^ ^^a 6/35 CJvL^3^a]( — 1 

. ^ 20 Ail-Joixi] 4 jjoUJ^)]| Ja^Ja^Al ^^a 25/150 dl^L^-a^ aII — 2 

(JjJall L_jLu1^ XiC. $.\jjal]| (Jj^aS (JAa£jlJJ (, (Jx^ ^9 AWn tilvLaaVi (jl ^1*V>U j! L_L^Jj 

2 1 (J^joi 4_i^jjJa^9 ^)^JaJ S3Q .31 ^Jjia ^)Ja 100 (_)^ _LA^ ( ^ j 1 ^*' ^aj>UI 

.13 
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11 kV^ (Jj^aj-all 3f^ Ljal&a-jl 4_laAJ -He- C5^3 4ibja>i (Jsl (jli La^aOj 

.Jj£l 3^ 8 AiLalxJ! (jl Aj>ii (3^° ^-laUft 6 ^)J-G 6 (jc. (_)£□ V) <■ > 


RECLOSER J** 9 $*JI OJUl£ J^a^Jt 6 >AaI 21.7 

4_jV li'v Sjbc- Ub l^jUb Loj (_£^l^j^a]|j c£^ (J-^ 0 5 jj» x.31 CjI* a~\~\W 

^.i^J 3° 3b^a ^aJ 6 ^jjj3^jV 1 33*4 U 3 ^ 3^j <■** ^ajVb Cj>bl£JI AjJLoj <- > 

4_jA*J ^jj 3 SjJXj^a (J1 I 4_20JJj. Ja^Ja^JI ^Jjla 3-* (Jij ^jj I31j t 3^jVb Cj>L1£J) 

. 5Aac>V I cs - ^ c C jV^^o aJojujI^j (JLaa.Vl 


3 ^)Ua-aVi <■. nun ^}jlc« ^jjj-qvIj lLjj. 1^ (JlLo S^jIc- (J1l^V Ja^laaJI ^ajju 4 ^ )ViVI a3& (J3 ^ 4 

«la*l (J^ jb^i £-laS ^1 tilvLoaVl AaJ Ja^Ajoj 4 ^jn 4_xbb c j)\y k ~\^I (jb^aC.1 j\ 

. JaaJI ^ic- 4_L-sal<JI 5^)Jj£JI CJ^^aW 
(J^ (jli 4jlijl) 534-^ _9 £-laULj 4 jjoUJ^)]! 44_ia.b 3^ JaAS 4ijl JaaJI I3& (jl i~n*sj 

^)jj£ ^jc, 4_jAiIl]l ^Ua£j| ^1 ^^5 Lb (Jj^aS ^1 (_£.^Jj (J^ 3 d (JiaC. 

vLlaC- lJ 3^ JaaJI ^Ac. CjlstJ^l]! Cj]jjuaC> boQ ^3 LJ3^ ^ 3 3^3^^^ 3^ 

. b53° 
















Jajai jIaII ^ (jj^)jud*ilj — £jl^)ll c_lL2l 


(Jjj^a jj S^lc-jj (Jj^a3 ^^kjjaij Ualfl j 

^ jJalill 4 jL1a jAj <14-21 L&i Recloser^^Ujj! 

Auu j! 4 V?aj 4jU Jjaajj 4_£]j jJali >1x3 jA Jj <4JaC. 

cs4i (u^*^ c>J *^*4 Cj>Ij S^a ^ja) ^ Jua ^ cJj*■ ^S s 

. AjuoAJ (Jjj^ajJ Jlixj V S^i^.V 1 S^aII 


S^b 4 j ( XjJaijJ 3 jaxJI (^jJAJ i.»ll Jsi|jVu ^%\\ ' 4_la \a 

. Recloser J ^ ^M l 


Figure 21-14 Recloser 


. CjIja Cj>Ij] S^lc-j^ (Jj^aS ^Ac* b u >>j pbl JiiAJ 15 21 


4ajlj 0.5 ‘ J)l^^J 4_ij\j 0.3) ^jaj (J l ^JJ JaaJlj CjjJI^, Jlic. 

(Jjx^ojj S^A (J^ ^^3 ^aJJ (Jaj) L^l) AxJ li'sll S^lc-L J)l^a2l ^ajAJ ^aJ ^ Jaail AjI^J J)l^a2 

^ajAJ jl^aJI jlfl 4 ju]j 5^a jj£j lilfl ^4_ijtj 10 < AajIj 3 t 4-ptj 1 JI^aII JjfuJ <2 j i>bl! CjIjaII ^ja 

Jiaj 16-21 jyi Ajlbll . Lj3j Reset (Jac. a*j VI s^lc-Vl ^ajjVjJa^ll 3 aI^ (Ja-^aj 

jjac. ^ic. Recloser 4 x_aj <3a 


Lead current 
[contacts closed) 


vAAA^ 

Start of fault ' 


Fault CELrrent J 


Kednsin| intervals 
(cwisaels open) 



Rapid operation; 
(contacts closed) 


Timed operation 
(contacts closed) 



Figure 21-15 Recloser timing 
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j£ll AjujAIA ; £j| jll L_Aj£ll 
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Figure 21-16 Transformer and Recloser 



«wuW 21.8 



jj j . (J^ Juc. JojujjAaII ^^ ^ Ja^JI 4 j1^jj 4_jI Aj AjljLq 4x-j) /O'n a ^>> 1 jj 

SaIc.]^ (Jj^aS 1 

4 Recloser J^jjII 

4_^jjLqjjV I A^_aJl CjLdlal^ 

till jj Jajuj ijAaII A^_aJl CjlflKa j t AVR 

AA^jAAI £_JjAlA 

• 4£lAA! L_j^juiaJ ^ 

CjIa 4 jln'v ^ac. 4_^ jULg ^jc. SjLac. 

1 a '\\) 4jaI*AI j^-3 4-Alc. 4 _ajULg 

Ag'sli SaL) Aic. (Jaj 

CAHAI! cjIJ) ^ Igjc. jj£) Jjj^alij 

dlJJJj . ^(Jj^All CjUn^-aJ 

. Ai^. 4x>j)x>^ xA) Ac>|^3 4 jI^A1|j 4jI aAI 4_a3 ^Ac. ^16 — 21 troll AjuLo 


11 kV Surge Arrestor 



22kV Surge Arrestor 

33kV Surge Arrestor 

Figure 21-16 
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(AjjI^J l Jajai jIaII Ag ^11 ^ (jj^)jud*ilj (_£Al_aJl — ^jI^I c_ll2l 


JUm^I yLyrf 6 ^ 121.9 



5^-^.Vl (J^>* \ L_u£j3 ^aJJ 4_jla jlA 3 ]^ 50 jA j^l ^1 ULl^J (Jj^aJ (^21 Ja^il (Jj^ I^AaJ 

(jAvla 3 I 3 -Aa 4 jjA ^Ac- jLiJ 4 _a>Ic. < 2 >LajVI 

dL^jVI AjAiA 4_CjjoJ cillA 3 6 ^ 1^11 Ja^JL (JAaC. CjjA=a. Ajc. 

I^J jl j£*J 4_ijij^JI 4^_ulAla t4j CjjJlsw ^j ^ All 

^ 1 —21 l&AJI ^ UjIj L£ SAAaIa CjUUa! ^ CjIsu^j 

. (Ji ^»o\l IaA 4jI Aj 

jjj ^jljJJ Aju ^Ac- (jlivlidl lAA jA 4_iJj ^aJJ 3 

^ l^jj ^ Jilt ^ U jl^L jiA 400 Jl 300 

Aau (17-21 (J^juij jl^_^AI (AHA jl (JjJaAJj . jlA 3 !^ 

. * ni/i\l 4daAJ 3 1 4_xjji2l 

(AIvLujVI l . s< \)^ ^ 3 ^ • aAA j)A (jlc^j ^233 

.SAaC-VI ^^Ac. c_i£jj 3 k! ^33 c S^uAja 
^1 (JAa*AI 4 Jaftj j)A jU2! S^aJ (_)£ ^aJJ ^uaju ^a 2ajjli'V (JjjavIj A 3^3 Ajc. 4_j| 4 AaC- 5^3 3 

21 jjA^J (JUaC^VI Cj1_Lua jla jjl-*^ j_n ^jaa>Ij1I <■** IaI IaI 2^**H fil^Alj jl^A j_ml ^Aj^oaII 

LaJjujV ^ ftl^jJ AjA^j 2^ 1 "'J ^ j)A 3 6 (_lla*AI ^ 1^3 ^Aa^a!! j)A (jjLuAI (JAa | 3 JJjAaJ 2a£3 TWO Ph3SBS 
.SliJaA CjI null 4ilS 03^3 ^a» nlill £-Aa 3 ] I ^^Aa ^JaSLi 3 .SAjAc. CjIju^j 1$j CjKum \Aja 1 ^jlS Ia! 

UK (JAaj«AI Alj IaK 4_j| ^Aslaj 6 ^)l_n]| SaLj Iaja i _ 5 Ac. 4 _lua CjI ujaII 6 AA 5^3 (jl 4 1 -i^vLa ^a 
High- 4 JU ^3 IaS SAjIaII 4 ajAc. CjLLuaII cAA ^Jj^aJ I "ia (JAaJtAI ^jLu jl^ I Ala c I -yj *■ >>3 jA£l 

. Impedance faults 


Figure 21-17 Fault indicator 


jA 4jjjJaA JaA3 SA^I^ 0 li CjLiaI -^ 3^3 6 SLG 21 ^ 3 ^! j)A >UaC- 3 ^-IaJ 18 21 (J^joJIj 

4 daAJ jA Ja^JI (JjJa ^Ac. (jo>lall SjLoil ^I^aLuoI ^a (JaI£11j Ja^JI (Jj^afil ^Jal2l (Jj^a 3 3 . (JAa*!] ^j.V ^21 

.Ja^JI 4 jIAj (Jia^JI 
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Figure 21-18 



(_|asu (JUaC-Vl CjI 
21 (J^joi^ 4j£1jujV CjI^LuiI (JLujjI 
(J ‘ (j£Lal Jj (Jjj^a^l) (19 

j (JUaC-V) vLx-al Cj|jj3 (JjIaI] cilljl 




Figure 21-19 JUacJ 
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Jajai jIaII ^ (jj^)jud*ilj (_£4laJl — £jl^)ll c_lL2l 



a-lj^JI aiu ^ 21.10 


Jaail CjIjIAj ^ 4_jJaJjlj ^ CS - ^ (Jjj^aJJ ^aJJ 

(jc- I^lj 4* a Via CjI W >1i (^1 jjjAll J (j>J^ (j-® 4 j1 a^' 1 dli j 
Jil S^j^all ^3 ^_Cajj Ia^j (JillI la^laa> ^3 Ia^ . A^iCill 

Ia-Hc- ^A^JjujJj 6 ^.j-CajI (Ja ^jll 

£jjj (Ju-ajA ^jc. S^Uc- 6 4 _Aaj ^\ 4jj^k »s~i 4jjj1I (j 

(jj^J SjjojUa ^J>jVI Jc' 4»jj£jjj ^jil 2 ^a 70 £-LaAA 4_^.1 _joiaj 
A jlgiljj 4 j!Ju 1! ^J)jl dc. ^^-CajVI jbi (JaC- ^aJJ ^aJ t (Jjj^C- 
.Ja^JI ^)1 _uoa (Jj^la ^ 1 (J^ Cll^j c l^j ^jJajVi (Jjx-ajjl ^jj^JI l-»^ h 



70 4jtiaAA 4 _^.Loja ^jjjL^J t-^W l ^ ^Jajud Ji1C- JaJjJj ^)jJI (J^J^ ^jjjL^- 1 Jj|jj£Jj L_u£jJ ^aJJ ^9j 

Cjb jjj£JV 1 A4C. S^Llj 6 LS J *^S^^ ^ ^aJJ c^W^ill C_a^la]| ^ CjI JaK Jjj^la (jC. 2 ^a 

. ^ x^l .^3* ^ajl 5 (_gi (jj£jl ^Jjlil 4 _ajULa (Jal ^1 (Jjj-ajll 


^aj ^jjajVi 1 ^\V~" ^aJJ 4 Ca1^a]| J-lL-all JjC^Jl ^ja SjjjuoLa 3^3 1^ joiftl 1^)22 ^ ^j-aLi. ^^jCajI dlj&j 

IaS ^)j!1j 4JJJJJ ^aJJ >■ nh I L_9jialij 2 ^a 30 4jt2a£A 4_^.Loia ^jjjL^J t-*\\ >■ ^ SjjjuoLaII (j£^l*JI L_9jiall <J_U-ajJ 

.20-21 Sj^all ^ 




Figure 21 -20 Earthing poles 
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jill <joiAiA ; £j| c_jU£]| 



* A \ 


(jxahi tiUij 4 JlkcVl r-X^lj cjULc tlii Temporary Earthing cijJI I 

C_l9 j^q L_U^jJ ^aJJ JaaJI (j-a j (JJaC- ^ >Lx-aj jl 4ji_u-a (J^XJ JilxS 4 (J^oxll ^Ac. 

Cj&Ja ^gjJajl L_U^jJ j (JaxSI 4 &lala (_)j9 Cj 9j-a ^^jJajl l_u£jj cilliS ^aJij ( ia^JI 4 jJ1*j 4_jIa^ Ja_aJ) 4_j|jlJ ^ 

. (J^xll 4jdaia Axj 




4 UI 4 AI Ja*laUI U 1 


^-ji jsuai 2 i.il 


4_agJ) cilia, JaJjl) ^ SjlajH <--liLia.) JaaJL "Jlimp6rS ^-Uadj) — 1 

.JaaJL (JUaC-V 4_2k_nj S^LjH C_ul£ !AJ L^ajj^a4w 1 $j 3 jLA) jLnll S^Ljj 

SpUL (J-aC. j~n ttfll £jjj 3 4^p. l_Ujujii JajiaaJI diljluixi ^ jLauail Jjaj — 2 

^UaAj) J! Iaa (Jjjjxl) 4^jn 4j]jl*JI (j^aAJ — 3 

. jj ><A1 4^^a, 4Jajuj|^J jUa-aVl (Jjla^J 4 ^jn Aajia^Ji S.laC.1 JajiLaj — 4 

c > \ nn*u Ia-o ^4_ajULAI 4_AIc. (JUaC-lj (JLa^»Vl 4_ia,lj ^pajVh 4 joix* >Ijj CJvL^aj^cAl .laj ^UaAjj — 5 

. ^uall 4_a_iij CjLaSj Cj ijJLa. ^9 l_Ujuojjj 4_j 15ijll J)l_^_au (_)j^a9 4 j jar > 

. AJj&Lall ^jJaLiA]| 4 jj|j^JI JajjaaJI j — 6 

. ^ LgAjojV) ^jAaliaoJj (JUia»VI <3^ — 7 

Igic. £cil}j LjJjauouAI jLnll Sjjill Cj9 j ^3 L^ajj^aaw ^jj^pjauA) JUC- (JLia»VI S^Lj 4_^_£ij — 8 

cA\fu,J \ ^c, voltage drop 4^ s^Lj 

voltage drop s^Lj Jl Ijaj ^ji ci^lSll c^lia jU^I ^ -9 
contact l^c. ^cjAj 4il c & n\ cj!jU]|j cj>LjI£AI l^jaxjj cj>LA£AI ^jaj divL-aj]| *^3^9 — 10 

voltage drop s^Lj Jl ^ji Lu» ^ 4^a ^jjjj resistance 
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I Ajljj) ^Ac. (_)aLujJ lAA 

l^jLai^ 4 ja1 xTic. V1 — 1 


CjKhm A^aJI pjlVn — 2 
CjKhm ^VAl — 3 
CjI^jjoi CjVL-ojVI ^Jaj — 4 




(J a~\ >"n loj 4j_jjtj]l ■ MWCj L->,, jxol) s i£ ~n \1 ^_i ] q j Cjl^xi ^j^" (jjjal IxJa^xj AjLiLHI c-JxV 1 ^—3 

(_ 3 jA 3 I 3 ^_Aal JaA 3 (Jj-gj CjjJa^c. ^31 ^ aLoAI (jl .AAvLi^ CS)[j)~\ x> 3 -Q 4 _iic> 

j! 3 Wifi'S "ixAl Ag'sll jl Jajuj ijIaII A^JI A^Jjoi ^)j^aUc> JaJ^)] SAjAC. (j£^J (JI^joiI 

. \jla Lo^jS 


aa!£j <31 a ^Ac. L_jjjjj Loj A_ijlla-<AI Reliability 4 ja1 xTic. V1 ajjuA 3A CjI^jjoAI saa <jjj l 3^15 

^Ac. c > ^3! JjVI 4 c_ul^ Ua j c Ajg»" a !j9 4a1£3I CjaIj 4jaLuc«V1 CjaIj L3£a 

? 4_3^ilaxAI AjaUuC-VI 4»^jA ^31 A^JjoAI (J^joi ^aLq I ^A 1^-ajuo^j (jl 


"ReliabilitySt Power Quality __\\ ^ ^A\ 22 . 1.1 


tiUjj Power Quality _JI jx j 1 Reliability ipLutYI (jjj jj^ll 4 jIaJI ^ ^ 

(Jxq. u H 3aj ^Hl 4 _x^q 4^j11xq AjjUall POWei QUdllty _11 LqIs • 

J voltage fluctuations ^AC- i** a^JA) ^ l^ilc. AaUi 3 ) ideal sinewave _U 

. v 13 q harmonics 31 ^jAo*j a^^j <-3^^ 1 ^ xua*i (J^a ^a a^joA 

cAAAj ^jliA jgLaAj aa>A 4_aA^J! ^ ^lAa^jl lLijAl^ (3Aa I^j Afc^igja reliability "ajaUuc-VI I-qI • 

.4_AtA! I 4 S Vnti 4 n» a ^jjjjIaxA 1 Alla 

Power 31 (J£Lolo jmi l^Ali ^jIAa 3c. (Jaj 4_^a^JI ^lAa^jl 5a^q c_aI^ IaI ;aAa ix> • 

. AjaLqjc-V^ (J^UjAq L " u J Quality 















jill ; £j| j]| L-lU^ll 


; CjI£jjoJI 4_pldic.VI dll 

System Average Interruption Duration Index (SAIDI) 

^ajJ ^| 4_d ^1 I^joi (j SAWSjjfl] ^vLaslSI 4_xddSI ^Ua£jl Sdi jlxi ^Jl ^jdj ^dj-oll lAA 

JL^\ Idli jdjJI liA j .sustained interruption J! dddl LIa^iJ jj£Vl ja j a^ 
Lo \_±iVc-^ dl^LaJI ^1 (J^jIaaILi SAID I . ( ^ 5 1£JI ^>tA*JI ^ac. ( ^ 5 lc« ^UaAjVI CjIc-Loi aac. 

. f ui 

: Cjlc-UaAjVI 6 AAj ^jjUj 1 ^ajJ 4_xaAdll dll^UaAjl 4 j>Ij U,h : 1JJ (Jlid 

4ij3A 90 SAxJ doAdJI ^JaS ^XaC. 10 AAC^ .1 
4ij3A 20 SAxJ 4_x>AaJI ^JaS ^aJ 1000 AAC^ .2 
4j2j3A 175 SAxJ ^d 4_xiAdII ^JaS ^aJ £>LaC« 3 AAc. .3 

SAID I J| 4_xu3 (jj£j (JaI ^ 30000 ^vLojlSI AAC- (jl 
4*3 a 0.714= 30000 - ( 175*3 + 20*1000 + 90*10) 

System Average Interruption Frequency Index (SAIFI) 

^aJ ^jjaII ^vLoxJI AAC- (j^LuaJj C d'wi * Sda ^3 (J_LaC- ^jC- daASaJI ( xJa3 dlLdaJ AjjoA (.- 1a^JjoiJ- 21 lAA j 

=30000 “1013 = 4jli (JjjLaJ! (j -0 * LS - ^^ £>1 ax 1J AAC« ^Ac* l-ajjaiiLa ic. da Ad! I ( xJa3 

. JjUj 1 ^ajJ ^ 0.0337 


Customer Average Interruption Duration Index (CAIDI) 

Jllall (j-a 4 jLoi^Jj ^d *LaAd!l £_la3 ^aJ (jjAll c-vLxiaJI ^jc- *LaAd!l ^UaAjl SAxi JajujjAxi ^Jl ^jjujJ^I Ia& j 

Ijjjb (jjH! ^>La*JI ^L^l {*J\ Iaa (Jidj c & n^v 6 1013 ^ u^ij 4Ali 30000 ^IaaII (jl l y* Vajs ^jLoJI 

4 jjj 3 A 21.15 (j£$LaiJ CAIDIJI ^ n«oj JUli j Cjlc-UaAjVLj > 1 x 3 

* 

CAIDI = SAIDI/ SAIF I 


Customer Average Interruption Frequency Index (CAIFI) - 

S 1 la SAa ^__3 ayic. ^ a ^ II (J ■ (JJ^ll c->LaJt_ll Jlic. (_)■ Cjl^o u.^iC. 3a ‘ ^Jl >"ij ^ 

( ^ ^ jc. 4 ^ 'A \1 C l c->Lgjl 1I 44C- ~r 4 ^ ^A \1 M. ^->4 2l£- J 

0.00296 = 1013 4- 3 c&L* ^li jjUI JUJI ,>j 
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jjjll ^3 <LgIa CjUjL) (jjjjlxM J ^jIjII L_)Lll 


Customer Interrupted per Interruption Index (CHI) - 

. jLn]! ^Ua£j| AiC' ^ \c- *La.laJI (Jj^aB £>La*JI j^La ^^Jaau ^)jojJ-<JI 13a 

^hll W*un*i 

4jlB ^jLoJI Jllftll (j-GJ • ^)l_n]! ^Ua£j| Cj|j-Q LS^“ l J Judg ^ ^ 4 ^ (J^^aB ^aJ 

337.66 = 3 - 1013 ^ 

l-lia. IxuB 4i^o *y<J C5^!i a ^♦ k ~ (_£^ C5^ xflC.>U ^ Ifljl IaL^ 3 CjJjjJoJ-all £> jlAj 

^jjuo^J (j^ 131 La ‘kkjJLjd ^jLuj dlBj I^jLI AjjlLa ^JaLaJI C_lB ^\\ ^3 4^JjuJI $.LI AjjULo lli^aJ 
^LVL (Jj^aj ^^Ha. l^jjjoLaJ y2 C 5 ^!i a< \ u ~^ ^B L_A*jJa]| (j^Lil ^jJLaj ^B CjIjjJoJ- all a3& JIC-Lujj iil]3£ . V 

. (Jt^Luj-g (JjJaSl 

major events c£>j£li cjl^aVI <> iWi (jl l^jLuia. JjB ^JlaL ^yjjAaJI c-b! ^jc. £>3a ^asu C 5 ^J 

(jil j Sjjj^ cjUjjju l^J major events Jl d3aj . c3^j3j-<3l a 3 a ^lvfu3 ^ ^Vn*n cjLLj ^ 

<- > ^HSij l-AjjaHII Lima 6-la.laj ^JJ -la. (jc* Ajjj Sjjj^ (JUaC-l I^jB v^~ ^aLVI jlj^aJa>L 

V L-lLjoiVl &3 a <- > \ u <■** v ^~ (jUaC>VL . CjLLjaJftljj ^)Jj>-alc-VL^J -0 

. l^-La S^LjjujVi V ^^glLlL ^5 4^jjoJI £.bl Jl^vt ( 3 ^ ^ L 5 ^ ^Llc-Vi ^_^B lAAa .1 

— : cjl^uailt C4 £ C4e & jj|j (J&i I lUIb^I 

cJb JLILj ^lUj^U 4 ^^J) 4 JLua.) dolj 4 <u «\l JjL jlj UKa circuit length • 

. 4^jjuJI oJl^J AjbLuc-VI 

4 <n^> ^ aj^Lu^VI ^ J^A 3 lU*W' c> Circuit configuration • 

.Radial J! cjKum'1 3 ^ j^^ 3 JUac-VI uj^ >L-o Ring J) i 



13a LjLud^J 
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(_£jill <LujAI& ; £j| jll C_jU£]| 


Voltage Regulationgjj^iJI 



5 iaU-JI (> Automatic Voltage Regulator (AVR) Jl jl 4j£ijL>&l J43JI CiLJai# jjj*j 

3a4_L)jJall CjliLuixJI A >jVt A^JI l^j (j>i 8“\ n ^lJ! (jJaliAll ^jjj 4 AAjIj A^JI 4_xu 3 ^ic. 

LJ 4 ^£231 (^Al*JI (Jj)*\ xll 4_iioij . (JLa^Vl SgjA Cjlijl L^ajino'V 3 

.JfcJI *>JI ^ 4ju^)xLuajj auto Transformer J! ^ 3 ! <> 


^AaL* b 22.2.1 

( &Lq (j>& Auto Transformer ^jIa cJj ^ a aIa^jjuJ A 3"*^ ^7- ^ (J^ac, ^Ajj 

. A2J3 v w l_i1b cjULJI i^a ^Jl 

^t^Jl (j>a JajujjJ>JI A^aJI A^ixli ^AAAjujJ AVR 3JV 1 A^aJI ^ IVt <ft (j>a jjJC^j (AIIaA^ 

. lj<nl£i* (JjjJj Iaj^^ 4_ii U3^ IJlc-3 (j^a&klxJI ^aAVnuj ^131 4 ^£)1uj La£ ^ 

(j3f£j AVR Jli (_^ l 33^>^^ v^Aaa <».( 33^ lx>>jl <a!U &3 

^£jJJjua3 sjaJI L5^ Itnh Lai . A^_aJI (jialfl^*tVI ^1 (j-a (jj£3^JjuuJI 4jLa^. 4_La C_aA^JI 

. Ja3^il 4Jila ^vie- (jjajiu Jajoa3I/JI A^'sll CjI^Jjoi ( ^i ^AaAjauJI AVR _JI ( ^lc. JaA3 

(jjaLJI (jl llA AjAaJI (j£J iJj^ a (_£I (Jag (J 73JJ3 ^jIAjjI (jjftLa (j-a Ij 3^A La^ (33^^ ^ 4Al AVR _SI 5^3 

Buck Lo^^la j)\ 1 Boost l sla lS-^c y ^ A y I u* ^Jj^Iaj ^1|3JI cs^ 3^*„v 

(^LaiJ 4 ja x>~v 4jjjjlaj Ijl-q cJj L 3 " ^-AjLJI A^aJI (jli 1000/100 cJ3^ ^ 3 ^ (JU-JI (Jjjjoi 6 

(Jj^k a\\ lAA (jl ^Ixj IaAj c 900 (.^Ijojj ^^la]! MiajJaJ Ijl-q >Lk-a3 IaI (j3^" >■ ^ l aAj ( 3jl3i 1100 

. 1 — 22 (J^oJ! ^ Lo£ (jU-saAJ j! SaLjj %10 4jjoAj AIa ^jLaJ! A^aJI 3Ai*J 4 Vnxm 



Step-up Autotransformer (Boost) 
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jj2l ^3 CjLJjJ) (jjjjlxM J ^jIjII 4_jL3I 



Figure 22-1 


Step-down Autotransformer (Buck) 


C_9|^laVi (JJJ JafiS (Jjj2 j Cjl_2kjJ ^aj2 y\\ CjIaLo TapS AiLjal 

.(_£)a.VI A^-aJl ,^^\1 4_xuS £jujjI Vl^-o ^Jaxj Lui 4 (JiaJi ^ 


S^jj-o (jj£j >SH bA $3 4 ^^ lUC*' CjIaIaII 6.I4I ^ ^ajll AaLaC. ^>jjj 

AVR J! Alajuji^J 4 jl9j L . ^Lla21 ^jl2L2l ^)j2ij ^aJ j Agy ]1 ^3 MiCTOprOCBSSOr (JjjSJ 

Jalij (JaIj ^a 2 2 — 22 JiJI ^3 Motor s^Luo! (Jjujjj aajLoJI oLLaiaJI ^Ic* • 

. (jJoflS n A^aJl ^jjj ^121-jj ]jLuaj 1 nxo ^Ijjuo l_j j)\li21 ( t iui\ L£j 3 l 4 a (Jjj^a3^1 


JaJjJaj ^3 ^1122 J Axj ^jc> 4_Aac- ^j 2 CjVtj^ajI ^)Vn SAjJya Ljajl (j4~nwll 

.L£jjUjj( A^j3 

^n J?21 ^aJJ j 4 Jja*2l ^ Axua (j-Q +10% (jc. £JJj2) CjI^Jjoj ^ l^J ^-Qjaixdl JJJ»M1 4_buij Ajjj V 12lc -3 

(jl . W~n*i Spli'N 16 10 % 4" Ut A3 lili ^(jU^aAillj Sj-laA 163 S-ilj^lj ^-Lg 16) 32 LS^* 

Single end Three : a-gjs Cy* 5/8% s^laaJI 4_n >.s\\ 

. phase Voltage regulators 


(j-aj (Jip^ ALlx^ajJ (j-a (JaIjjI 4_i3tj 15 Jl (JaVI ^^Ac- ( _ 5 -^a ^JaJI jA 6 JI 4 J ^gJujLojVI 4 > nar \)j 

(Jj^aJ 4nh ^3^' tilljA I 4-laj)^\^ 4_9j^la]| ^3 (J^JLa 4_j£j ^jiajlc- 2jj2ia. ( ^i l!^ 3 

. ^ ^.3 jjc. (jVI 4 4_ijlj £_jj Jl jjj»"11 <cjjuj 
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Step Voltage Regulator Schematic Diagram 


AVR 22 . 2.2 

ui\ ^jj - KVA_M cjIa^AVR —M ^ 

System A^aJ' Ai^)*»a] 1 ■ i +10% J Ajjl)->aH ^ -^11 jjj+ill AiuU A&jiua ^aVl 

^ \ju> AiaUt ^ £ . Max Load current J+ Aij^j t phase voltage 

. AVR per Phase —Si <^1 


Example: 

Compute for the step-voltage regulator size needed by a 3-phase, 4-wire multi- 
grounded feeder with a system voltage of 13800Y/7970 V. The required voltage 
regulation is 10% and the peak connected load is 6.0 MVA. 

Solution: 

• Voltage regulation = 10% 

• Phase voltage is the line-to-neutral voltage = 7.97 kV (since it is a 4-wire 
multi-grounded wye feeder) 

• Load current = 6.0 MVA / (1.732 x 13.8 kV) = 251 A 

• Voltage Regulator kVA Size = 10% x 7.97 kV x 251 A = 200 kVA 

Use three 32-step voltage regulators, each with a standard rating of 250 
kVA, 7970 V, ±10% regulation 
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djLoiljj) j ^jIjJI J^q'l — l_jL1I 

4_^A1a]| ^naull 4 _jjoi3 ^j3 AjJj j AVR ^ 3 ^ .l^V Inlo'sxi (Jaaj 3 — 22 (J^joiIIj 


TAP 

fl 

USE 

LOAD 

VOLTS 

CONTROL 
WCO. TAP 

Ctank> 

INTER HA¬ 
RT 
KANO 

H.C.T. 

TAF- 

OCCtPKCJL] 

TEST 

TERM HAL 

VOLIA5L 

CvERAI_ 

POT. 

BAI C 

o 

23COO 

Cl 

163.3:1 

120 

125.6 

■63.3:1 

o 

22CG0 

El 

163.3:1 

120 

120 

163.3:1 

Q 

20COO 

Cl 

163.3:1 

no 

110 

’J6fl.-:1 

O 

19100 

El 

163.3:1 

104 

120 

150.2:1 

O 

1 600C 

E2 

122.3:1 

120 

122.6 

122.3:1 

O 

1 2700 

e 2 

122.3:1 

104 

120 

106:1 

o 

1100C 

Ej 

9 J .7:1 

120 

^20 

91.7:1 

O 

1000C 

c.j 

3 J .7:1 

no 

110 

54:1 



P.0. 


TAPE. LOCATED UNIEH 
OL O’- X'.= CURIES 
imh'iM^L DOABO 


■ POLMllIt UAJ-!KI_K 

ti^e^JtK HLV UICJ 

FILLED WITH ANSI TYFE 11 HI NERAL OIL 
“HAT OONTAINEP ESS “HAW I PFU FOR 
AT TIME OF MANUFACTURE 


WARNING; 

DO NDT fft=W5S UHLE55 C*1 NEUTRAL P05F10N AMD 
CONTROL SWTEH 15 OFF. FAILURE. “C CO SO HAT 
CAUSE CMWACE TO PECULATOR, RE'EULTTJC L PERSONAL 
IN.JRy OR DEA.TI-. READ iNETA-LATCN AwD OPERATING 
INSTRUCTIONS SHE- 1 1 A'-.U 3215 1U Vj 


o 


MADE IN WAUKESHA 
WISCONSIN, U rS.A. 


1 UfT SWITCH SFTTNOS 

ON POSITION 

IHPIOATOR 

RFGUI.ATIDN 

1 IUITFD TO ± 

r ? % 

fils 

7^a 


ins 

S 3ATCD 

55 J C LOAD AVPLi 

160 

135 

120 

110 

1 Co 


Figure 22-3 


Ajjjij 4~ 22 ^ 4_i3A*_xi jl 4 jum*v S.lac.1 ^^ic. CjISjjoJI ^ AVR J) 5)4^1 Cijjj j 

.4j^UJ! 



Figure 22-4 Voltage Regulator with overhead system 


• 5 — 22 ^ n«o Ajjoij U/t ^jJajj3 AjjJajVl 


u 


534 














































































Figure 22-5 Voltage regulator with underground system 


Auto TransformerJI (jc. *1^21 


. AVR J1 6-22 
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jjjll ^3 CjLJjJ) (jjjjlxM J ^jIjII L_jL3I 


Cover 


Position Indicator 


Automatic 

Pressure-Relief Device 


Bushings 


Internal Assembly 
Lifting Eyes 

Upper Filter Press 
Connection 
Lifting Lugs 

-Arrester 
3 Bosses 


Ball-Type 
Oil Sight Gauge 


Pole-Mounting Bracket 
(Units up to 250 kVA.) 


Control 
with Tap-Changer 
Motor Capacitor 


Hand-Hole Cover 


Laser-Etched 
Nameplates (2) 
(second name¬ 
plate on control 
enclosure door) 


Ground 

Boss 


Bushing Connectors 


Threaded-Stud 
Bushing Terminals 


Control Cable with 
Quick-Disconnect Plug 


Lockable Control 
Enclosure 


Junction Box 


Ground Bosses 


Drain Valve and 
Oil-Sampling Device 


MOV-Type Series 
Arrester 


Bolt-Down Provisions (4) 

Substation Base 
(available in units 
167 kVA and above) 


Figure 22-6 
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jill <joiAiA ; £j| c_jU£]| 


uj 



:Distribution Automation_\\ 22.3.1 

(. ri \5nUM i a] j! L£ 4J Distribution Automation J\ 

(J!Lqj .23 4 vlilxi p6ak 4_xu3 (JLaaVM ^^-3 1 n^xn £jjj4]! ^Ac. (JL^ajI ^aUaj 4 j ,'U^ifl‘t 

.^)j|^^]| (j^asu (jlc. ^J3 (Jj-q AL^jI ( ^Ac« Sj43 CjIA 4-la^G ^jc. 4 


^Vt\l j£\y (J^A^ Cy* 4_iLac. ^jjj . CjIc/^aII Jajujj^xAl 4^n~i ^^all .1 

. (Jj-oxAI 2UC. L_J^)-a]l .21.2x11 IaII ^ ^ W CjI^Jjui ^3 .2 


(J^aju 4 oh A. j*\\ 53 ^.Vi (j-a 4x-j)x>~^ xa ( xjjjdll CjI^Jjui ^-3 ^1 (JjCjUxs^q ^3 ^Uaj ^.l^J 


\ ^ A&\ jjy . 4-Lq1^ < *ix> 4_a jjJVixa^ Ixxa 


I ED __\\ bj 4 ^.\ 22 . 3.2 

_j 4ijj*-JI USUI sj^.vi jLiujl J! (Microprocessors) UJUI cjUJUUI Uakil JjI^II j^kJI 
US 4-ajkw jj-aUc. < hh±A 5jlaj t Intelligent Electronic Devices lEDs 

.7-22 JSill 
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jjjll ^3 ClAjail Jj) ^jIjJI 4_)Lll 

^Luc-VI Jl Lui 4 AsY^a (JL^ajVjj c-aUajII fiAA ^lAjj Cutf c_uj3 A^x- Jjj 

IEC Ays') j^£j| 4 _JjaII 4j* a*\W C_Lola Ia3j .4_jl_ix^a]| ^1 ^1 j 4_aaxa]| 4 ^jjoi]| ^Jc. J£^l 

4Jl! Ai^jj 4j£a1I 4_ij^£1I CjIa*_a 1 I ^tli! ^jhnl IEC 61850 ^jujlja ^IaxL 57 ^3j 4x» j)A ~\^11 

* wjj A lA‘<i^ ^3 1 g jJaxJ £-<a (JaxA] 4 sY)~\ x> CjI^jjoj £ja A oY\A ^ CjIax^o (JjjljAj ^Svxlj <■** I^jhj L_JalAA]l 
.4j^a 1I &AA Aix JUJI (j^ L<^ 1 ^jjj 4 a^ a) JlI] _jl <JI (J_$A 


SCADA „\\ ^Vki 22.3.3 

A4[y^l ^Uaj J\ 4 Supervisory Control and Data Acquisition! jU^ vJ 4 SCADA i*l£ 

. CjIjUJI £_a^.j J^allj 

Sensors cjLujI^ j^la ^jc- laJa^Jl 4 _^s (J>L^. (j-o ^jjJI cjI^jjA ^3 (J-a*JI lAxa ^ 3^43 

jJI oUJ jl jjjjjll cjUj! J s^ja^a Remote Terminal Unit , RTU a^J* a^a\j 

(Jij] (Jl Cjl^ia ( 34 >l a Cj ^3 *(j£)^J! c_jjjujL^JI aIa^Aa CjLujI &aa (jjj^ 

SAaJI ^1 jl^JI 4_Il_^. A3jxa CjUIJ! aAA (JvL^. qa £_2aJjaA ^Jl JJJI 4 _js|^a]1 SA^j Jl CjIjIJI 

4 xtlViVL JIajlLojIj 1 ^ ')C- JV'ill J 4 x>)ViVI ^jxt'v CjIaj ^Jl JJull 4 _js|^a 1] 4_^LaJI (Jj^ Asu (jc. 4_i3jla]| 

. diS^llj A^aJl ^)j3jj] SCADA ^Uaj^ 4-i2k^]^j£j]l 

4ju1a 1I CjlAa^L ^CvTi 4 j3|^a 11 4i\jJaVLj Uiaul j_ilaljujj 4^)Jall CjLojLotaJl (JvLk C)aj 

A^JjI jj£~ 4j-o3j CjUUj 4_ 12 L 5 JJ (jjjLaiaJl vlil^a cAau (jf~ CjUIaC- 4ji j! 4 4^j 3 jl Jaa> Jjvlc.l£ 

(J-oIslSI IaAjc- ^ 3 ^ 4 xJ Cjlakj^ tJUA (jL ^ 1 ^-aJI ^1 (Jju^aJj 4 SCADA 

. 4 _jLjj^a]l JLuojL jl (J-<iaJl 4. Lol (JaJolU 4^AaJl ^ LjJjUxJl 


.SCADA _ll Aa jJaia] L^.3 ^a! (J aaj 8 — 22 (J^aII^ 
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Example SCADA Architecture 


SCADA 

Network 



Baneiie 


Pacific Northwest National Laboratory 

U.S. Department of Energy 1 


Figure 22-8 SCADA System 


!A_2t2l Ajc^)j2I A SOADA 21 A a Jajl Tt l_2lc^ 


RTU(remote 
terminal unit) 


User 

interface 

(HMI) 

E 9 

PL C 


scada 



Communications 
Equipment and 
software 


Data 

Acquisition 

Server 


jti\ (Human-machine interface or HMI) ^Dvn2 ^\j -1 

CjLAa*JI jja^ a_^JU_x2I CjUU2! ^j <. CjU1a*J! jjjl 2 A_^JU2a Cj2Uj ^2aj 

.CjU1a*JI ^ Aja[y2L 

JLuojIj CjUU 2) c L_J l Aj3|y2l ^aUaj _ 2 


^aUaij <Laa^)ja]| J&J COmmUniCcitiOn alia 3 
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jjjll J <Lat& CjLJjA) (jjjjlxM J ^jIjII — £j| Jl L_jU3I 


ajSI^j sbt 4 (Remote terminal Unit RTU) ajJ^I ^M 1 caIa^j -4 

^j]j_9 cAjuuLSj CjjjlAij 4_i2fcjL^JI (JalA<2l J CjIaJ! ^ j^-v ^>0 CjLJjlaII 

. vLLg JaiuJa ^9! 6 (JjLuj (JjcfluiA ^9! vIj-g *LaAaAjaix2l CjLujLoiaJlj 

Jj l^JLujjjj c 4 _jg 3 j CjUUj JJ CjLujLuo^J) Qja 4_ajlaJl CjUUJI Jj 4jJall ^aall CjIas^ 

Load (JL^VI JtlIP ^-bLo^l! cjIj 12221 l) 3^~y Igjl 4 aj^UI ^»Uaj 

2-^j saJI &aa ^j 5 j 6 2 lu> 4 £ 1 \ a£±^\ l^ij 4 JlS J1 Dispatch Center, LDC 

Load Dispatch _21 ( J1 l^l&jj <■**A *\\ ( IajjAj cjLujLsj ^Ljajjj cjjjljuj j cjLgJxaII 

Jc- (J£J cjjujUxJI cJ^Vl Ig'j'vjj j^nl ^jj j^Jl J ^j 4 J ^ 3 Jc- Center 

SAa* 



Power Supply isUall ja^j 4 Electronics Unit :<> 03^ (RTU) a*j ajc. ^Ml 
.£jjjjll Aal 4_aJj S^JSk^ll RTU Jl Sj^)^JaJ 9-22 U^Jji . I/O Peripherals sa^ 4 



„_ Modules of RTU211 

(FRTU) 


- Modem 


— Protocol 
converter 


24V DC power 
supply arrangement 


230V AC power 
supply arrangement 


Figure 22-9 Transformer control 


CjsJI (jV 4 SjxLLuiA Sjj^aj jl^_aJl J ^cjjIjIIj CjsJI i~ nhll GPS ( Jc« (RTU) _J1 3 

CjSA flSj-a (jJ j (jl^ AjV SAaJ (JjS ^j-g *LgJl-g J (JLjJjji t Asu ^jc- ^aall SAaj (J-gC. ^9 (JJJjuAjujI ^cjjIjIIj 
x^ill p.|^Vl iLajj_9 4 jJIaa] 1 4iA]jj 4 x^jju21j ^£J1 ^3 1J l_JjuAAg] 1 (JjlVtll (J-g*J <Allij l^jjAa. (jl^Gj ^cjjIjII^ 

.JLa> 

: ^J1 (RTU) 14 *-a (J-oI*jj ^j]| CjLJxaSI ^9 CjLUJI ^juiajjj 

(Alarms) cjIjIajVI -1 
(Status) £-l^jSn -2 
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^Measurements) CJL.UH j cjU]jaH -3 
: (Commands) -4 


l^SvLk (j-o ^aJJ 6 (Jft3j ^J3 (j-o CjUa^oll L>° ^t*3 

. C_}Lo^_a!I (J x,^ ^3 ^jfL<u3 CjI^ jq!\ ^3 Axj ^jc. 

4_Lajuo|^J l^JiL ^aJJ RTU J! 4_Lajuo|^J l^Jt-L<^J ^aJJ CjjjLaiVi {_f~ jj£l (Jjj^alij Lu3 j 

. JJ AjjuoIIaII CjVL^ojVI 



* \ s> 

SCADA Jli 4 SCADA J! jjjj Distribution Control System, DCS jjj I ai* ^ 

llaj SCADA J) Umj 4 4_Lal£ 4 jjJu 4^Jjoi ^ 4j^aj DCS _!l ^aUaj CjbjfLo -la.1 ^>A*^ 

. X^"\ l ^9 ^C'Laul 1_^_Lq ^3^* ^ ^ j ^ l -*v\ 1 djljLul) 


ji\\ c±W^\ t^>\ ^di\j\.jui < ^\ 22.3.4 

JaJ^I ^ ^ (JCjU^laII £_iAaJ 4_ll_a. (Jjj^ajj ^ Ut«o3 (jbj 

^ CjU^laI ^ t^TjVl 4 nC l jj 4JU (Jjj^ajj (J ■• (jbj 

CjL^laH ( 4j\-x.\l jl ^jjaj aJL^ (jUj 

CjU^laI) jLnll SJlljj AjJa 4jli ^11 Jj^a3 SjLilj ^jUj 

j CjLAslxJ ^gjJajVI C-Jjjaull 3jJa 4_jli^11 jl^_a. (Jj«a3 S^CujLa ^jUj 

CjL^jlxJ 4_jli 3 II jl^-a. <Jj^a3 SjLojL (jUj 

CjLAsLxJ) ^_iA2sJ ( D.C ) J-QJjalAll ,^^ll JA3 SjLallj (jUj 

CjLa*_a]| (J^aJI jLp 4 _xu5j (jl-iJ 

jIjjojUH i _ 5 -^ ( ^5 11) *^4^ 

— : 4jjVI CjljlijVLj (jUj 

RTU J! 4_3jUaJ (jialAaJlj (JiaC. — RTU Jl ^a.LaiJ (JiaC> — 

RTU Jl (Jl ^ ^ — c_il^3 220 ^ ^ Jiiflj ^jIjj — 


4_^1Hj (3 l>^ C!j^jUj — RTU J! l_Aj (3^ j ^33 4JI^j ^jUj — 
( Local / Remote ) RTU Jl aJUj jUj - 

^jjjJI 4_a^ll) l_jLj j ^33 4 JI^j ^jUj — 


Lli\.\o\^ 4.\^ix Ci\jVjui\ 22.3.5 











jjJl ^3 ClAjoil Jj) (JjjjJxJI j ^jIjJI — £j|^>ll l_jU3I 


JaJ^)ll ^ ^jc^aJI ^ (J_^a.JI CJjAslJI £_1a^J ^JaUI JJLa. (Jjj^ajj ^ (Jj^aS 

^jj^aJ! ^ (J^a.JI Cj\jA*_J 4 \ f \ i .ti JJLa. (Jjx.ro jj (Jj-a 3 

CjLAslxJ! ^ jrajJ ^ ^jl'sll ^jLa. jl (J^»J j ^-JaJI £jJaj 4Jl^» 
CjU^laI) jLnll SJjj jl^_a. (Jjx^aS SjUiLi 

. ^jc^aJI (J^a.JI Cjlj-la-J ^jJajVl c_Jjjau]| JbJa jl$* (Jj-a 3 SjLoiU 

CjL^la] (Jx<LaJI ^Ja (J 1 ^ SjUL 
CjIj. 1 x_JI £_iAaJ ( D.C ) ^gJjuiJI ~\W l_jLic. (Jjx^aS SjUiLi 

CjLAslxJ! ^ jxajJ (Jx^aJI jIjj 4_xu3 
jLjuAJI ^gAc. ( L-fl.iil 11) 4 -gJj 


uW 

uW 

uW 

o^ 

uW 

uU? 


—:4jjVI CjJIJVL (jUj 

RTU Jl 4_3jUaJ ^ ^ j\j (JJaC. — RTU Jl (_j^.LoiJ (JJaC. — ■ 

(J^aC> r 4 _jjuj_L^jll ^(J^aC> ® 

RTU Jl (j>a (JL-ajVI (jljj — C_J^3 220 Jl ^ 7 - BA9 ■ 

RTU Jl l_jL jjic> j JJI^j (jUj — ■ 

. ( Local / Remote ) RTU Jl L* 4 lU_> - ■ 


y\\ Cx\j\Jo\ 22.3.6 

(Jj)*SrcJI (J_^a. Jl CjLjAslxJ JajujjjJI ^jaJl (jj£l^jai (Jjj^ajJ (Jj^aS (jLj 

. (JUaC-VI (JJf* ^JAa* (jLj 

.RTU Jl 220 Jl ^ jU 

. ^aJjalJI jLnll JV Jjflj jLj 

. 4_a^lll ^Jl Jjai£AI (j-o (JL-ajVI -Jflj (jJj 
. (j^a&kiJI ^-^Jl (_ g J c ' lJ^JI ij)Jj (jUj 

. iJI ^ jJI ^Jc. 4^^111 ^a 4 -aJj (jJj 


: Ao m t-, ■>\». s diV^iju^ ^xl\\ 22.3.7 

^j^JI IaU^J CjLa^lj Cjlcjj-Jl^ CjV<)*s roll cj! Jvs a (j-a JJjiiJI CjIjUVI (j-o sjIaLojVI (j^^j 

.J-jjjJI CjI^Jjui ^CvMl ^ 4auJ) (JaC. ^ ^jLJI 


.JajuJJjJI B 4 ^JI CjUjjuO ^Sa^ll ^Loljl BxJ 4 -IjuJJJjII (l_^ISJ|) ^ roll I x >»* J ^Jj LuSj 
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j$\\ AjulAiA ; £j| j]| 


(Ja*Aj]| Ax-jjoj Jl (_£AJj L_Sjjuj Ia&j AjjAa. J^a A^JjoJI 4Jla> ^ jjjxj AjAaAj 4_laaAj 4_laaJ A^aJI Ajajj-o — 1 

CjjjjS (Jjlflj j £jJaC5^i ^AlcAj £jAa3^ ^>L^aV 

^»Ac. ^A^J c_9 jjo: Ia&j l^A 4 Y\8a\\ AjAaJI (_£A*JJ l^jl LojIa A^IaIIj CjLAslxAI (Jlx^V Sj-^AjoiaA 4_j3|^a]| — 2 
^^AjxjujjI) Ia^-oc- SaLjj L^ILqvLuj ^Ac. JalflaAl J! (^AJj Lo^ l^jjAa ^j>a J^L 4^-ul]l CjUi 

(JiaaAl (J3 c ^9 (Jjlflj ^Al ^JJjjoj <A1]Aj (_^laxSI AjAaJj (JUaC-Vi CjjjLoij (Jaj — 3 

Cj Ijj LLaI) CjIcJj-aIIj CjU^laII (Jjj^ajjj (Jj-aa ^a ^^aAll — 4 

(Jj-aaAl (JLaa.1 ^jJalxo ^ ^)jojLia]I (J-qjuoJ j (JaaxSI (JLaaA SjIaL 1 xI ^ajujJ ^ (Jj^aa ^JA£J — 5 

(Remote Central Location) a*j <> ikJjj aja^I 

^jjjLujV liaj 4 mL_9j^)]a CiaJ Sjjj^A (JLaa*>U £JjjoAI JaULoaVL Load Shedding (J-aaJI Aa^Lua — (5 

4jj1jV| 

4^jjoi (j^uja Saw^ 11 A^aJI cjLJai^ axj ^xujj! Voltage Regulation A^aJI ^j)Vn —7 

^ ^All V off load tap changer ^ ^jjA) J\ Ai^al* ^ . ^jjjAl 

. Aju ^jc. U^a 

. ^jjjA) Cjlij^a (_L-aA 2 Aau ^jc. ^aalL ^ajujj c Capacitor control — 8 

4 Li-v ^j ^-LaaA 4 Ini?*1 ^ (jJ^J CjLLj]| aAAj 6 CjLIjj (JjajoaJj (Jxujojj (JLaa.VI CjLuAjA (J-oC> — 9 

(_£^a]| ^aAaj ^ 4 _jujA 1^JI ^ JajJaaAl] 4jjaj ^ 4 ^j3A CjLgcAI^Ajj (JLujjVI (Jjuojj j)\ 4jc^)5i 

4^| 

^a l^al,W"ntil ^jjjlll CjI^jjA ^ SA_^j-o]l jLljoAjujVI 5^-a.ll (JJjlSIj ^aj-Al |_5 (Jia*J! c-al ^fi^l — 10 

(JUaC-VI (j^LJ AjAaA l^lAkjjaal (j^J CjLqjAjla]! 6AAj 4_i*_iila ^)JC- c_9^)la LJ2jai£j| 

^ (JUaC-VI ^">L^al AC-LujJ (AHajj 4_iJ^£j| SplA]| (Jj^joiJ SaIc-I^ (JJaadl (Jjc^ IjjIaIj 

(Jj-oxJ! ^j£~ jLjII (Jj^aa 6A>a t si's] <A1]a£j Iajjjuo JkJI u^- Ji 

l^j (JL >»\\ <_flLjjj£|j 4jli(Jjj[jA 4 jAxj ^jc- 4 JjJjuoaII ^Ajjoia]| jlnll AjljIAg 11 

AjAxjII SaIc-J L£jjUjj1 aJJc^j (Jiaxll l ol ^<i ^jj AA^uua ^jjLLqj Ajjj^^II (Alljaa£Vi AjjJj Ajc> 12 

. c£>^n A^aj) (j>i 

4_2^)aJI ^Lja^Vj^ AjaIc. AjaIslSI ^LjajVI A^h'II aJL^, L_9ja^l] CjLujIjA (J-oC. aJ^-juj — 13 
:(J!Lq Iaj|^jjujJ a< uill ^.IaI (jjjaiaAl A_xuLaJI Cj]j]ja]| aL^jI ^Ac. (Jj»-Au]| ^ xn,v^x> aajIjlxA 
. AAfll) Jj15jj A^aJI ^jjjaiaA c j AjAxjH CjUL^. ^Afll Jj-oVI AjAaA O 

.^Jj^aflll (_£^Jjaixi AjojIjA O 

. CjI^JjuoII lajJaaA A-jaajjA O 

.CjUaxaH (JIa^L O 

.AiUall AAfll) CjLLuoa. o 

^Ac. {Jjj^aaJI ^jjj ^a!) ^giljiLaJI CjLojAx^AI ^Uaj (JlLo A_AV1 CjLjujlaJI AjAxSI — 14 


AJaJ^a. ^ Ajta^A i A^aJl CjaA ^Al! J i AA^j^aiLcAl 1 AAL^. (jLjJ 6 (_^Ax-g AALaJ Ajj^a Sjj) 

.S^joiIj-q (JAaatAI (JUaC-Vl ^vL-al (3^ A_i2wjj (j^J (^Ja. A-iaj^ita. 
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jjjll Xjl^xx <LolA dAjoiljj) 3 jjjx*AI j ^jIjJI xjLJI 

uj^ c & n^j Redundant System ^Li^A^VI ^Uaj ^c. 

3 ) lo£ t L 5 joUJj 1! jl^aJli (Jlx. XJjAx. 4 JU ^ Sp-b&li LI I (Jx*AL ^gJaLix.1 3 X.S jl^x. 



^Ac -1 3 ^ 3 ^ Lo-o LAN 4 X 3 JJ -0 CjIxujIx. 4^_uIi ^Jjia 3 C. j\l 1 g l >»■» jj ^ \ l s-T\ a CjLxjUnllj CjIxuoIxAI fi^xJ 


.Reliability 4 pU^VI {JA 


•^ ^xl\\ VjlAA 22 . 3.8 

i ^c> IjjL^a 3 I ^|_ 5 ^ (^jjjouJI <. ? Smart Meter ^^All jI.i*AI ^jjia 4 -Aax 11 ^£3 

(^vLjj J£ A^xxll ^aJJj (J3X0H ^^9 4 flip's-oil (JLox.VI (_ 5 -^ 3*0! 1 Cjl^xh^ll 3>& 4 C-j).ox xU ^33,0 j|^C« 3A3 

: ^^3 ^Vn^ . 111 jjII ^9 J>xx. ^ 3 x 3 4llx. ciljjjoui]| Aic. (J-oxJI (J-il&il 5 ^x. ^Ac» 


3-0 (JxojlSI 3^ *Lo.lxJI (Jj^aS 3I (Jxxa jj ^^9 AxJ 3c* «XV\Uj ^xujjj I (Jxxa jj]| — 1 

(jJ^Sj-oll ^xxl! £ 3 j-a 

^ 9*J 3 C. JaVwhL Sgjill (JLoxJ ^XtJUJj \ 3 *~" ^QjuiJ ^^9 • SgjAl) (JLoxJ yyuJl — 2 

Remote switching of meter register automatically c£UuJI ^ 

CLux. 3 x 1 ^vLo*J) CjLI^C. 5^]j 9 AatJ 3 C. ^£xxlL ^ojojj '. LjIaIj (JxoaA) JlljlC- CjvLxjx ScJjii — 3 

CjLIJjlSI ^^9 4jj3jjJall CjIsJjaI) i 3 ^33]) (^ 1 ^ 9 3 3 L_illa]| S33A 3 lilvL^XuaVl 

A^XjjlA ^3 ^jj^jXabo]) CjLI^C- 4_juoULo]| CjLoiLaI^ Cjlc-jj-all 4 juoILo]I CjLxLaII AjjILo ^aJJ ^aJ ^ 3-03 

. 4x3^ Cjlijjaj J3X3 ^a^c> 3! ^393 49 jji_a] 3J0X n 


^3 ^i\\ f A<iA. 3 SCADA _\\ 22 . 3.9 


^xJI CjI^xJlJ 4 x^alxJI CjIjIxJI (Jlx.^ scada ^aUaj (Jlx .^1 ^aJ ^J^axj £jjj 4 ]| CjI^Jjoj 3-0 3JJ^ ( ^ 5 i 

Jl^xJl CJV3XX cilLx^l 3-0 Ji 4x^alxJI CjLIxAI ^XOXJ ^aJ (Jtxoll ^JxLuJ ^Ac. . 3 ^ixxo]lj JajjJ 3X0H 

: ^^3 ^ 3^aflxxoll 

.C^Lul£j| (_)x.|j L_J^ 3 -o]l (J 3 X.x>ll SjJl9 • 

L^jLojujIj ^ Cj 1 ^JJJ 3 joAI ^ 4xjlxJI JaJ L>4 \1 JlJlC. • 

.(^Lal£j| 4 X 0 3JAJJ ^33^11 ^ajuol • 

. l^J JIX.I 3 L 0 II 4aJxXo]| ^ajujl • 

4jjj3joj (JS ^^Ac. 4j^3o1I SAac-VI • 

. 4jJJ3joAI 4jIaj 3-0 J3AO (_)^ ^a9j • 
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SAaC-VI (j-G J y&£~ (J^ 4_J ^jLalll ^jojI • 

.4jjjjjoj es - ^’' U^J^' ^ i-^L^ (J^ c-LgjujI • 

. 4.LAS CjULlj s^c-li (J-ac. i5jUI CjULiJI ^j*y\ <J>Lk <j-oj 
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jjjll CjLjL ^3 <LL CAJijS) (jjjjlxM J ^jIjII — £j|^)ll L_)Lll 



Communications : gdj£*JI tirfLeitfl <Wj)JawU 22.4 


Load Dispatch Jl j Ajih^Al cj1L»^x>II cjliLnll^ cjL^La]| (JiLlJajjujj cjVL^jVI 
£jJajj ^p>VI ^>^15 CjjlWs*]! ^3 £jJajJ l^Lo CjVL^ajVI 6)4^1 (jl Jsi^vL cillil t COfltOT, LDC 

.*L<>j))V i i < all \\ 10 — 22 . (JLa»VI £jj_p 



Control Center 


Field Site 1 — 


PLC 


Field Site 2 — 

s 

WAN CARD IED 


Field Site 3 — 


MM I 


Engineenng 

Workstations 


Figure 22-10 


. l^j]! CjL^1*_a]| (Jaj JajLujj (jc. Cli]tj]| c_j12I qa ^j±^2i\ ^^3 i~nhll (Jjjjaa 


Aa-uiyAA S ^ O^La^\ 22 . 4.1 

u' S^IslSI ^3j ^aall ^j-a Cjljl_n]| (Jaj 4^n~ill aiA ^>-ic- ^jjj 

4-o^Jjoia]| La cilLa CjI^um 2\o2j 1 ^ c.Ij^£JI CjI^jjJoJ 4_x^aL* 


CjL^] j tilLoi^Vi (jjj 

*4*1\ c£U£ cDLk ^ DLC (Distribution Line Carrier) J! ^ £j\jLty\j oLL2I Jaj ^ 

til] jj Jajujj!Lo]| 

( Shield) c£LLl! ls ^J ~\ m.~uA s LI e 
(Phase )cj>LL]I 4 _^jI -a^I ^I.ynlAj jl e 


: ^^a]| jfiiyA j £jjjjll CjL^] ^ CjV<)^ a\\ Cj1Li^x> (jjj I LIj 
^£ 1 ujvUI A jui ^jc. ^aa]| J)^j-a ^J! £jjjj]| CjL^] CjV^-aII CjLL^q ^j-a CjIjLoiVI^ CjliLn]| (Jaj ^jj 

. VHF JLil ^ijjll j^l (Radio Frequency) 
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j$\\ ; £j| jll C_jU£]| 


4*2 jJI 22.5 


(Jj-aVl (JvUlLojVI L&aJ 


4jjL^£JI filial I (il>L^jjajl^ jjjjjj Jail 4_^il! CjKhmII 

. I^vL^JjujIj IsujjJ J vlfij 


cjVU-ajVI cjU^aj ^vwn* Smart Qrid 

j Jalij cjLo^I aub \ . Iajjc. j (SCADA) 4_j3|^a]| 4^Iaj| Smart Matsrs 

. CjLo^IxaII &2lA ^Ac. ^l_U 4 ^JjuJI (JjJlJU ^ (j>15 (Jaj J .llljJ 


Lai ,^-tljVI S-iL) ^ ^ c_iliall Sgjil 4 j 1 VnuyU 4 j.^jM 1 ^Aj^lal! LLi-a CajI^ ^ 6 CjKhmII JjaxuI JtLoSj 
c3i>^ U^ SjjAll C_ia J L \\h\\i ^Villj ^aHJI CjLl^o^J) j-liaJjajJ t4_i£ill 4 _u1j^£H 4^ijJI <j*a ov» 

(JU^Vl JJaaI (JjaLuia]| ^a 4_iic.li ^p£VI ^jL ^aIsu ciLLI .AjU^Loj ^a cillL^j ^)*-uAI ^a i^llg’nn^ll (Jc-l&j 


CjI^JjoAI (J>L^ ^JA A (Jl*Ji]l (Jj^ajjjlL ^>a 1I til^Loi ^A*j C—flJJUO 
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Operations 


Markets 


Bulk 
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Distribution 


aA'^\ &ixJk\\ cAl^o 22 . 5.1 

:^Lujai 4 j>\j J! 4j£L1I 4jjL^£A) jj^alic. 


CjLa^lx-all S^IjI ^L&lajlj ^Ull S)^J a x^aJ ! (JjVI *1 

(JxuIlj : .2 

A^oiajij CjVL-ajVI A^Mjj (JajSuj l lLiUjII .3 









jjall J 4 -gIa CaLoiIjA) (jjjjlxM J ^jIjII — £j| Jl Jail 


CjUJjlaSI S)|j] 4-aIajij <jjuL 211 5)^1 : Vjt 

l (JaauiS JJ LaC jLqJlxJI SjIaJ 4-<2ajJ^ ^UJ! S34J 

^aUajj (, PMU jjall ^jjj J CjIa^j ( Jc« vb-a JAjAj j JlaJI JojuJall Jajaa^l (JjVl ^joaII .1 

.WAM saIa^II (JU^ajVi 4 ^ajuJ Aj^JI 


Phase Measuring Unit, PMU jjIaJ) ^US CjIa^j .a 

.4j^a 1I Jill 4A 4J Sjaa^1 ^a! (j-° PMU _JI Aauj 

. 4_^)A^aJI Av'\\\o'\\\ a<u~\l ^a A 4 JI (jj ^»Uaj ^Aj 

Ljaal 4 jlfl 6 a j^j\o"\ i a<n~\l ^a A 4 JI l 33^ bog ^jjoUij Laj_u3 

jl^Jl Sj (JjVI • (jajajaJ 4^jaj e\^> j^Saall lAA . phase Shift J) (jjjbs 

V ^Aj'aMI IaIaj t 4ajlal) J ScJ 60 JJ J^aa 4 jjoAj CaLujUi cJ^J Jc. jJiaII 

(JjjUaII (jjflVil 4 jc. 1 n^i'i jUaVU jJaJI lAA ilAjI .4 jj1j31j CjIcJ 4 4j j33 <_£A*jj 

4^J Aj^aJ ^aUaj 4_nj C±aA 4_L^alxAI j ^lall (JjjJ S 34 J ^ya a_C-jay x> (jjj 

. SALoxAi (Jb^aaVl 


Wide Area Monitoring, WAM SaI^aJ) JL^jVI ifylA .luajl ^Uaj 

CjLJ*_a 1I (Jal^jj SjIaJ 4_ld 4j1j WAM SAjaxJI (Jb^aaVl 4 ^jjoJ Aj-aJ ^Uaj c_9 jju 
4 a<u~\l 4flh^s x> ^j^Lal 5 Jj j^la]) S 34 J £)* 4aAIa 1I aJuiJ-^ 


(_£AJj AS aCn~\l L-JajAal AAic- jIajJ * llaj^ Jjuj .4ac.llx^a]l ^JC- 


.b 


.Blackout J ^bJl Jiall JJ 


6 Sensors 4 j^a1I cjLojLoi^JIS tAll^jjauJU LS ^*-j 534 -^.i ^Laial ^ ^jujaIJj .2 
.caIIa jjcj 4j£a 1! iJjiall s^Vjj Smart Meters 4 j£a1! cjIaIa^^ 


Sensors 4 ^a 2I .i 

CjUJaLxAl (Jj\^k" ^jAajjtJ 4 _^Aa1xAI 4-oJai^ JJ JLujjJj t4^\^*nnxAI 4 j-<^ ^34^i 

.^Jy\t mV 1 JJaAl (JaAju 4ajl^oJ^ 4Jal^Vl (jiajiJ JJ IJjlj j ^)JJ J! 

4j^a 1I 4j3^^ ^34^^^ J J CjLJjla (Jb^aaJ^ ^^J^UjaII ^ljoAIj (AU^JjuixAI jUa^J IJjUaj (A1 ]a£ 

4^Jjui 4_LajuoJ (Ali^JjowJL l^AJjia (JL^ajVI ^JJ C-Ua. 6(JU-ajVi 4 jjUj C5^ .4aAlj^a jaV! ,4' e -..,^ s^li 

JvLa. Qja ^aiajjojj 4 j^a 1) c_iaJJI j)\ L-LujlaJ) J CjLqJ j-ajj 4.231^1) CajjajVI 


l^j^Lal AaAaaJ Jjj 


. 4_i1^1a]I 04_^.V^ fiAA (J^C> JaAJ ^3 
a<n-\l CjU ^3 JaJ AA ^Jl SjaaJI Cj>l^jau^l ^IxjojJjuoI ^3 Ljaal ^ £^} r ' (JJa j 
. l^ILa^j 4 ^jjoJ! ^IaI Jc- ja|3 (jl cj l_LujIL<J! CaaJI J 4 AAj 
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j£ll ; £j| jll C-jUkll 


:smart meters ^ ^ail 3aSAll .ii 

4^aLoixAI 4_jLai qa LS^ (3^J (j-a -^*4 O^* C> ftSVll l (jSaj CjblA*J) 

^jjojjj ( ^ 5 Ac. j! 1 )>>ijl 4_jLoj LS u gn«nll Spa (J>Lk L_AAall (JU^Vi (_paj&kj 

^»Saall ^ja ^g^k) 4_iljka ^JjL^axAjj CjUvIAIIj t S^aA (Jp-Ju (> _ 5 i iL^ajaVjj 

.4_±^pll CjUS^HaI) j\ 4Aj)Xl*y xAl L_LLuji^^JI p 4jpkJI t_fijj^AI 4_iajuji^J Jbu ^JC> Sp_2k.V ^ tillj ^Ac« SpaJjoJij 

c ^jjoUaII ^ 4iJ) (JU A-^jiaiLa Cj|p^ ^-^All CjI jIjuJI 

AiiUal] 4ijjaJI p C-Ux 11 .Ua 4 jL^A|j c4jujjoJI 4_iAapl SjjI*_a 1 ]j 

CjUpjjoui ^jap (_gA} A^U-ial l^aLujjSjj ^^ppla ^pAI cilvipjoaVi) 
^jc. ^ijjuj ^)l_nll (Jj^ajj ^Saaljj til vL^jjujVI 3 jlnlli ^SVtll 

. \jla Cjjjlftll ^ j^-v j\ jj£) _jl jli 



-®- 


CjVU^VI CjlpS-a j CjV^Sjj^)J ^ajpGj (_UI£jj <jl l_l^jj 

(Jj-q 4jSA1I aSjjoiII CjV^Sj^jjj CjIj^Sa piL £-a 4 jSA 1I Cjblixll 

p (Jp_Jol) Cjljy. x>jj j " JJJ~ U~ *' k A 43 SII" CjULnll cA*a"\a 

. S-laJj 4 JlL lx-a ^LoaJl ^ai£jj (jl 


AjSH) ApjUli S34^Vt .ill 

£^<a 4_1 ojj^a]I 4jSA 1I 4jjlal! Sp-sJV i (J-oC- JaAJ c-lflnV ^jLikII cillpjuixil] (jp£j t_fljjoi 4 jSA1I CjISjjuiI) ^Lo^JaLo ^a 

t^jjjJvLo AJLoiC-j c4jv>Ijj c^jjk-juoJ 6C_ijj£j tilLoj tillpjuuAl <j! tUap pa .4 jSAH 4jjL^£1I aSjjJiII 

4 ^-iLaJjuaJ 4(h"ll jli 6 4iUiij 

Cjlijl ^ ^SVill ^SAll ^jjjLaiaJI 

^ Ip^c. 

^jAaal tillij ^c^)Aa1I 
(Jj» xTllij till^H x,axl\ SUa. JaAJ 
t > Cj 3pi (JjoAJ 

. s^jAll c_ia j ^a t aISaII (Jj» >tA1 

ftjlA (Jx^aJJ ^jl jjJalljj 

JjjJ Lighting Controls A^JjI (J>Lk 4^Uall ^ ^ ^ S^a»Vl 

l xa s^ 4 ^Vi (Jj^ajpl ZigBee Jl A^jAkLo ^l^kn^l (JU s^a.Vi gAa \^a^q"\ a n» a cjV^Sjj^j (J>Lk WiFi 

.vlU {JjIJJ-aII £A 



Smart 

Appliances 


Home Automation 
System 


Cas Meter 


4uSill Ljljv^jpl : UjIj 

tApijjaiC.j tSJiAJLo (JjLoia ^<i (J-oIajII ^Ac- Sjjlill 4 jy, x^ll 4 x>InVI ^Ac. 4 jSA1I 4-^o^1I L-Ajjaj ^j£Lqj 
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jjiill CjKuu ^ <LatA cjLJja) j ^1531 Jj^aAll — £j|^>l! l_jL3I 

4 Self—Healing AaaIaII 4 _^JIxa 3 I icjU^a^JI a (J-qI*jj c > saix^AI (JjL.u.a3I £y*j . 4 jj 2 I s^ixia^ 
SjSL 4 Dynamic Price C 5 £i*Uja3! j^A\j Demand Response ^\\UWj 

.4_aj1j^£3I SjIjjJ! ^^joj 4^aj)3Vi,a 4 Aa3jj3I ^Ac. ^ Lj^) 3I AiiUaj 4 _AjoixujAI 4iiUa3l 


:CjVI^jV) 4 £xui liilA 


(JjL-afl3l ^-ajjl l& <^13A^ axj CjljLn3l (_)^»! ^j-a ^^A3I 4 ^jjuAI CjLa cJ V1 >VI 4^ajoi 
^Ja^AjuoIjj 4 4iiUa3l ( xjjjj CA£jjl (Jll \a\\ ~N ^U^£3I Jajjla'N ^Ia^JjuAj Al3A ^aJJ (j) ^j^-aJj 4 


CjlfljL*al^a 3 lj Ja jjjjJI l^_i 9 ^) 9 jJJ j! C - 4iiUa3l (_]aj CjI^JjA Aa£» Aojuj jJ-a 3 l A^_^JI C_)!A ^U^£3l Aajjla'V 4 ^Jjui 

".^S^a3jj S)jaJjud31 J)^-o JJ (_g^kVl 4 j£a3( CjWAx!) (j>i 5 ^U£j CjUUJ) (Jaj ^L^a 3 4_aj>U! 

4iiUa3l Ja^. j^£- (J1 ks\\$\ 4 (RF) jjX) 3 ! ^Ia^JjoiI (JlLa 4fl\*'i'S < a Cj^L^ajI ^Jaj jaIs (. Iaa 

.^ ( ^£3juoV ^1 ( ^£3jujj c_iL^aAa3l 4^PL0 or BPLj 


jfrl 4 Aj£ 3 Vj*S J>Jt jASl c^l^\ 4^ ^ 4^JjuA 4_naa3l 4 Aia3) ^Ia^JjuJ ^Jjj9l (j\£j 

|a^> Lui 4j^U^ajal S^jjoixi CjVlj^ajI 4 ^Jjoi e-Uj ( ^Ac« (_£^V1 (Jj)\^ll Sj49 ^AxSj IjLal 4 a3£j 

A^JI CjIA ^1 (jia&iAxAl A^AI CjIA £.L^£3I Aajla'v ^ac. CjULiA! (Jaj Lia^^A^j ^*1 nl 2010 4_1 juj JJ 3 VI 
^1j^£3! CjI^jjoiS 4^^1aa 3I 4j"^k"\l 4_m3l 4 _aj£3j (jc- CjLiaAa 3I (j-a c^ac. (jjJ Jajuojj-a3! 



Tr*n»fo*mcf 


Data 
Concentrator an 


JX22a'JK»V M- 


lOOUni 


PLC Molar | 3 -Phovo Motor and 1 -Phaoo MolorJ 


#1000 


:^J! 4_a^A3I cjKu^I (jla aajLoJ! 4jjojLojVI 4j>IA3I CjUj^U 4iLjaVljj 

(j3^)3! (j^AJ 4 _a31c. St\j£ CjIA 4 ala'll ^j-a Aa vL 3 !B^A^ILa31 ^U-a-a3l ^j-a 4^Ua3l — 1 

Cjlc-UaAjVl 4^ llVl (j-a Ali^JjaixAl ^jX-aJj (_£^afi3l (JLa^Vi CjIj JI^ia ^jJaAk l^jlc. JlLaJC-Vjj 1 ^-a3I 

.4^Lj 4£3) 4^Ua3l ^ tijl 4ii£j 4A^,lA-a3l 

4_A3jj^a S^ljjj S.YW'Utl 4^Ua3l ^a (_£^ ^ ^>o\l SjIaLjoV 1 L AA^J Al3 Aj ! ^jnoAiti 4 aa3a3I Cj^aIa3! — 2 


. ^jjjj3ij (_)aa3I CjI^AjA ^AC-j Aa3jj 3) CjUa^-a ^9 4_^.tLa3! Cj|j4a 3I ^9 (jjJ 4jjiAa23 4 ^Ajua31 
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j$\\ AjulAiA ; £j| jll C-jL&ll 


: &Ai\\ Liil\.\b 3 22 . 5.2 

Ijjjjj LjjLq \s\^\a AS A^Ooll jli 4 _iojjj c A^A^JjuuAI AisUa]l S;tal .1 

(AIIAj ^»l_AAI 6 ( *—^ ^ 91 (JLa^Vl 1 > AlaJJ ^ja CjlSjVi ^^9 

Jjjuiij <A11 Aj .4 k~\W L_LojL^AI <-1 i\All laJ jl L_JJ^]I l il q,^ jl 4j^al_^. dljjjuoJ-a JjjjAa 

A^JjoAI ^j^ajl >/rs ^aI Axj (^A]| DOITiand R6SpOPIS6 (Jc-LlixAl L_illa]| Ajj^aL^. 

j_i*jj ^All Ulc-liQ a£*&Ji (jl ^-iialujJ tl^JvLk (j-o Al 

: ^jjjjjjAa {jc. c4_C-l_jal 

t LAjoJ SA'Wxi 4_AI Cf* g*nnl ^jf£j (jl LA .3 

(j>i ^jjAgIa ^ SjL^V I Aj^aII AjjLj^I ^_Lo (J^ jl • b 

.4j£a1I 534 ^^) LaS 6 tiJvtgjjoaV I 


AiiLlal] SAjA^. A_Ajj ^plx^a-a 4iLjal ^Ac. SjAiAl ^Aj "(Jj* xTAIj 4 u^l -\ ^Ac. (J-oxAl . 2 


. A^uiAl 


A^UJ! ^al^AI Jl iSUaJI ^li £in Distributed Generation aJjjII ^LuJI .3 


.^l^Lo SjAaI! i t vs>n (jA Vaj 4^ijJ! 4 jA*j) 


(jJbjJiLAI ^ja ^jjiauauiiS CjIAC-LoixAI (JjJaSl ^»jA£j j tA^jjAA! Cj\j|^IajJaV ^Vl (j^aJ^jaull (jjjai^J .4 

^gAc* (J-aaAl l^jLai 4 ^JjoAI p.Ua^.1 lAjjA^. Ajc. LAI £JJjoj 4^JjoAI jSLiuJ L) k mj (jl 

(JLa^VI 4 -^JlD ( ^Alj^£j| jLnll AJLnJI i** ArA laajVt (j-Q Jj^\l ^j.xAlj L-lIjiajJaVI (^^LaLi-Q (J^ 

.JjojIj (jUaj i _gAc. JjJojj ^jl ^j£LqJ ^[9 4^JjuAI i _gAc. 


How could a smarter grid reduce outages? 



I. A fallen tree, evil squirrel, or something else causes 
a power outage. Instead of having to wait for a 
customer to call, the utility is notified immediately. 


) 




caaU 

) 


2. With a smarter grid, 
switches automatically 
isolate the outage. 



551 






























jjjll ^3 ClAjoil Jj) (JjjJlaJl j ^jIjJI l_jL3I 


tillSrtMilJI $\ a ‘\ ^aM4ii Jjtfljd 22.6 


ETAP 

ETAP is a company specializing in electrical power system modeling, 
design, analysis, optimization, and predictive real-time solutions. 

Functions include arc flash analysis, load flow analysis, short circuit 
analysis, motor starting, OPF, transient stability analysis, generator 
start-up, parameter estimation, cable sizing, transformer tap 
optimization, reliability assessment, transmission line constant 
calculations, harmonic analysis, protection coordination, dc load 
flow, battery discharge and sizing, earth grid design, cable pulling, 
and GIS map integration. 


Power World 

PowerWorld Corporation are a Champaign, Illinois based firm that 
develop the PowerWorld Simulator suite of power systems analysis 
tools for Windows. The software focuses on a visual approach to 
power system simulation. 

Functions include load flow, short circuit, contingency analysis, 
sensitivity calculations, security constrained OPF, transient stability, 
transmission line parameter calculations. Includes scripting support. 


Math Works (SimPowerSy stems) 

Mathworks, the makers of general purpose mathematical software 
MATLAB, also develop an power systems simulation program. 
SimPowerSystems is a tool that extends MATLAB's Simulink and 
provides models of many components used in power systems, 
including three-phase machines, electric drives, and libraries of 
application-specific models such as Flexible AC Transmission 
Systems (FACTS) and wind-power generation. Harmonic analysis, 
calculation of Total Harmonic Distortion (THD), load flow, and other 
key power system analyses are automated. 


EasyPower 

The flagship product, EasyPower, includes the following modules: 
arc flash analysis, power flow, short circuit, OPF, protective device 
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coordination, dynamic stability, transient motor starting, and 
harmonic analysis. 


Additional workflow enhancing modules include SmartPDC™, which 
automates protective device coordination, and SmartDesign™ which 
automatically sizes feeders, breakers, switchgear, fuses, busway, 
MCCs, panels, etc to NEC requirements. The Scenario Manager 
feature allows the study of multiple system scenarios on the fly. 


One line Designer is a cost effective solution for people who are 
dedicated to creating onelines, as well as system data collection and 
entry. 


EMTP-RV 

The ElectroMagnetic Transients Program (EMTP) was first developed 
by Prof. Hermann Dommel in the 60s/70s for the analysis of 
electromagnetic transients. It was commercialized in 1987 and 
released as DCG EMTP and later EMTP96. EMTP-RV is the latest 
commercial released of the program, created by Jean 
Mahseredjian and currently being developed by POWERSYS. 

ATP-EMTP 

The Alternative Transients Program (ATP) is a free (closed source) 
program for the digital simulation of electromagnetic (and 
electromechanical) transient phenomena. ATP-EMTP was first 
developed in 1984. 


ASPEN 

ASPEN (Advanced Systems for Power Engineering) are a California 
based company that develops the following separate Windows 
platform products: 

■ OneLiner - short circuit and relay coordination program 
(and the Breaker Rating Module add-on checks the rating 
of circuit breakers against the short circuit currents they 
need to interrupt) 

■ DistriView - integrated suite of voltage drop, short circuit, 
relay coordination, and harmonics and reliability calculation 
software for utility distribution systems 

■ Power Flow Program - power flow program designed for the 
planning, design and operating studies of transmission, 
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CjKuu ^ <LaI a CjLJjJ) j ^tdll l_jL3I 

sub-transmission and distribution networks (includes a 
BASIC-style scripting language) 

■ Line Constants Program - calculates electrical parameters 
of overhead transmission lines and underground cables 

■ Relay Database - a repository of relay information for 
electric utilities and industrial facilities 

■ Line Database - an electronic depository of data related to 
power lines and cables 
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A-iJJ^il' j£ll ; £j| jll L_Aj£ll 


iuW *uVc 


4 ^jAa]| ^3 j 4_i3^£j| 4iiUa]' (Jail * ^Ull (JjIoj^ 11 O-^j ^A 4_i3^£j| Cj>ijli]| 

l-->-^, 11 _] 1 d ^^ A^jjkji o 4_Io4 JU ' 1 -^ t ** >1 ^ \1 l--^->. 1 1 Oo t. ^i 4 jl£JL 

^Lawi qjj*~ 4J^_jo 3 ^11 4JIdaVl ^ ^-jJa]jj3l ^y*&- I 4 I 0 (j-a (_)^' 04^- l!*-*-^ lafi . 4_ij|^JI 

. (Jjlill c > u»\ 4 m a 4_o|) C5^i O^-J' -lie. cJJ-il' 


l^jl Ia£ c 4_j\jj^a]| 4JL^ ^^3 (Jjj^a^1 4_lj S^joiIj-o (_)la*JI 4 _j j)» ks\ Cj>ljlill L_ljJC. (Ja oil 

4jj|^JI Ja^la^JI ^hVuJ o' Ia^ .4jj|^JI Ja^la^JI (Ja As\^\\W ^ LS^ 6 4_Jlc- (J^C. S-lJil Ij^j 

4 4jj|^JI Jajiadll 4flK"i Sja 20 ^1 10 (Ja C_)>ljlil' JajJa^. 4 jJ£j (Jj^aJ l~ 1J\ 4 Cj>Ljlil' oa 4j^l^aja' 

S-^Iaj l^L^L $1 lay a ^43 Cj>ijlil' Ia' 4 (Jjlc 4i jjoi^a 4jj|^JI Jajla'sll Cj>Lx^a ja o' c^lli L-UjuJjj 

O^J 04i' 4_Jjj^aij 4 JjULa cilljAj - q q W*Jlj Cjj)*s Jl oa Olj ^iaA^j) 4£ ^ajll ' J& o' V| • 4jjlc 

. L_j\jil' IjiA oa ^jlJl' l_jU3I 4akJLa ^3 ojaUsiJ' 


£-]jjuo oLnll 4 _LoL^JI (Jx-a^JI 4_^.laiA c oh-v" ^ t (JjlxSI o (Jj^-a^xJI ! oJjj^. oa Lo^aC> 

jUJI ^)ljlL<i ^_lc> JaflS AaIxj (Jj^aj^J) 4_^.Laixi ^jl dua. ^Jlc. ^1 Jajuo JIa jl jiafida ^a> CJvLA^JI dljl^ 
^ cijfll) j^JaJ liA j .^>11 (3^ CS^ cJ)^-*-^ c^Lujj Lai 4ifij ^aJJ 

Sasli 4_j| ^^AjuclI jjai£jj (JjaJi (jli -Jj (jli 4 4_^Lmxi Cj^lj 4^J1 LJ£ c & n^v Cj>LjI£1I 

. ^gjJj (Jj 3 jAJI ^gJc. J S 3 ^VI ^ - L aai ^gJc. ^>iad (illiA (jj^J J 


(Jj^Ll£j| 1 gd^j 


04^5 (ij til 33 1 Cy >) 1 *^ i y s\ | ui tJ 1 C 5 ^) ^ 44 ^ : 444 J] Ixjj CjvLjI^II eJluaj 

CjUJall J4C- ^ l£j&\ c£USS\j l^Jl ^4 ^J| Cj>IjI^ (jja tilliAj . ^ _9 cJ 66 (j-° 

^^3 ^ jjj 4 JajujjdJI ^ 4 .]1 jj l3J* (J 4 J oil 4 (Jj*-ll 4 jCo^j (Jjlillj 

. JajujjdJI^ l^-La < 44 ^. (J^ ^a 4 aKu.i^II o- 3 !^ L 5 ^ djbuUl JsJlC. 


^ h"ia C_3J3 4 Ixa IaA o’ XLPE o^ PVC IaI J>Ji goJ IxJJ IdaJI Cj>Ljli]l 4 h\>.s-C \j 

4_jjIaa]1j ( ^jJa]jjaVl bys£- ^ (Jol 3 ^ O J>1( SAjoi CjyJLi ^JjouJI o^4 laic. . CjyJL 

. Oj -0 04^" 4_j ola^)!! 4 ^qj^° 4j 0 - 4 I o' ^44*4 oil 4 JAaXJjoIaII (_£^dV' (Jjl^jxll ^_ia44 
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<Latc- A^aSLa — ^ \\ \W 

^ \\s\\ Z^jSLa <jj£j (j\ IaI CjXjLLSL ( CJ^IaS! AAz* ( t n»\ Ljaj| CjXjIUI i^ju^j 

4 s^^ll ^ L£ c_jj 15 Multi-Core lJaSI s^a* 1 o J Single Core 

^ItVsj C_J^]a 1I (JC- ^JjjU ^3^ S^Ia 4_J (Jj-£3 ja SjLc* JjlSlt C_il3j 

. CjL c^La 



^-LUlaSI ^ I3=a, 6^)Ja5 (jjfL MultiCOre (Jjl^ll 4JL^» 

Cj>LjI$ JjaaJ 4_S1_^JI £>3 a ^jj dll 31 i Aju* aJaj l.i* JLlLj 

^iLoul! j! ^ JI^jj (c_La 1 I ^lJ) ^ 1 ! )3a ^[5 .Single Core 

J! ^ iu*n cJLlaull 4 JLlL ^ LOSS 4illall ^ ^ unfn L_iL^alL 

^ c*1131 Cupper Losses JjISII <J^ja ^ ^11 jc. ajjj J ^JLaj Uj Induced currents 

. A\ks-i ja ^jjc. S JsIaj 4 


_SI Cjvljl£j| IaI i c— ajSI^jSI ^Jl Multicore cj>LI£JI ^jl *LaIc> as >ai (J^aII (J^ajj 

.(Jjj^ajjSI^ l_u£jjSI (J^jujIj 4J^ja jj£I Single Core 


ljLM CjIc- »Ja »a 

^L£ £^Jj) (j^^ i^SI ,^^SI Cj3LI^ ^I^joj 6 Cj>LI£1I ^a (J-olauj (jl ^ja Iajj ajV 4_ij^£j| (_^aSI (JaV^a 
,c_jIj£JI 13a ^ (Jjoj^j ^ 5^(3 ^JUJIj Jajoj jIaSI ,^-sSI Cj>LjI£ jl ( 4 _ij^£SI CjLj^jjII ^ £_ 2 ^a 1 ! 

: ^A l_jL 1I (. t lui\ l_jL£]| 13a La l^J (j^aj*Vun ^HSI £_ijJaljA]l ^aIj 

• (23 lL^^I) s-jLII (j-o (JjVI (Jj^oaSI .1 

Cj>LI£JI 4 C. 1 n ^3 4 AKunz'll 4j*Q* aSI J>I^a]I .3 

CjvLl£j| 4x- 1 n^> ^ ^^ILuoaSI ^JjLJI jI^aSI .b 

JUJI ^1\ cS%\£ l^jj : (24 J^ll) ^fcll .2 

c£Ll£lS a^1\ ^1^1 : (25 J—ai) lU^I .3 
o^LHSI oljli^l : (26 J—at) ^b 1 ' lU- 11 -4 
o^LHSI JIL&l ciliaSt : (27 J—all) ^UJI lU^SI .5 
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I J*ll 23.1 


^^3 ^I^Vl jm ^jjIa^]V|_ 5 <jjjLaa]l ^A Cj>IjI£J! ^^9 Aa-I^jjaa]! Cj^L^a ja]I ^_uj| 

5^9 4_1 (j«lxA ^Aj • ( (J9I 4 _ajULa^ ^L^£i] y\ Jx«ojJ (JjJafiVl 4_j) I I^-Lq L_jtijujl SAslS (Jaasja^ ^al,^*HuVl 

. 4 _ 1 aj ^UjjI jA ^gjojjj^l! (jilaal! c > nc. .4 2n (J^aj j dil-il^ayU S^jj£ <JLuaJ 


(jl ^)\jOcA . Jjlj]jj ^)l^JI CS - ^ C 7 ^ k l ^l Aj^JUdJ 4»jjj ^^3 4JUJJ ^£L^)J J)jajj9 IaI 

(jl 4 Ui-v^i ^ ^ iJjl-Vill Aln-Q (JA 80% VO%( - ^IjoJJ ^)ljd]| S.Lal] ^JA^aII (Jx-ajA (^3 (_)dl£ (Ja^J 

Iajj JajJjuiJj . ^l.laAjujVl eJ^C-1 ^j^nA^IVl Ia 13Aj 6 4_Jjoia]| &3a ^ja ^)J^I ^)*-jai]| ^^9 i^yo\Ji^S^\ 

4^jl ^)JaxJ ^Jasu 1 23 (Jj^J|_5 . 99% (2)^ aA^Jjoia]! ^jaa^IVI S^Iaj Ajjaij (Jaj VI Cjlflt«ol^A]l ^ a\ 

. ^JJJjVI (jAJ CjIajUaII 


Table 23-1 <jjj <jjli« 


CHARACTERISTICS 

COPPER 

ALUMINUM 

Tensile strength for same 
conductivity 

55000 

40000 

Weight for same 
conductivity (lb). 

100 

48 

Cross section for same 
conductivity 

100 

160 

Specific resistance 

10 

17 

Cost 

Relatively high 

Relatively low 


(Jjaasja]| ^ jaIa^V 1 AJjoi^I ^ja 4_iL-aj 4jli9j 2 )j£a ^A ^jaaa^]V 1 CjvL-sa ja AajojLujVI l_1ja*JI ^xAIj 

£_a CjvLu-ajJ (JaC. Juc. 2 \£Ia]| ^ajL 13] (Jaj^3ja]| Jalfij 4 Kx^ia C > 1 UhJ I3Aj 4 (Jaasja]! ^Jajoi ^Ac. ^U^£A] 
. (J^-a^All (_gAc> Ajuo£Ij]| £jIa £jJaj (JjJaAJj t Ajui^Ja ^jA£*j IxaV (Jaj^sja]! (jl^A (jl ^jAAa^IVI CaV-jI^ 













A&ilaJ Jal^a ^y±LAj^\ l_j1b ^jC. SjIu£. CJvL^a^a dlaJijla ^j±l^ I Cjij_ua ^j±i ^uaxJ C_iljl_^ 

^.xujjJj. ( jj_^ l (j-a % 27 ^1 % 10 (j-a (Jjj^alLdl (jjjLaall A^Ixujj 

Copper-Clad-Aluminum Conductors, ACAC .(jjjl^allj 4 _jou1a]| ^jaLo^VI CjvIa-^3j-4 


^1 cjvL^aj a_a^A2I (J£IAa]| i. \\*~\W y& Coppor Clad ( ^ 5 jajLaa]| ^miMl c_alaAl 

j t [ L_9>llaJ <--^jjjLaJ BB Squill* ^a jaLq^ 11 Jju<a yz JaJj ^ x^aJ V Aj) ^a^1 xa3 c 

(jljjJa3 ^jl (^1 a!UJ) (J>^* C_JJJj2l iylui^\ (_)£tj L ~ v ^aJ 

. CjS^1) (_]£1jJjuo 



Pi-metal ala^jjuJ a 1^2121 aa^J 

cS%\£±*j Xic. Jaia ^a^Vu.n Qlands 

. I - 23 (J^joiII L<^ ^jjjLaa]! q\ n>ia 


Figure 23-1 Pi metal glands 


AiVx.xW 2 l-& .,,,j±)x k , ^ Jti 2 y}t VlAi 23 . 1.1 


AjIa^. (J^J c> UawjLa. )nj*s 21 (jAaLxdl y&j Cj>Lj121j Jojjj-o y-^>£* <2U&^ 

^Jj^al 212j t (J£t21 .Ua A_2lc< SjSs (Jj 121 ^laxj AlftiaJl A_Aa£- <jV t ^2^21 Jj-laJl JLg aJ Aj^jI^lq 

^9 (Jjj-aAlllj ^jLluj (jfll'S 21 Jj.l21 <2>Lajl ^1 21 Jj.l21 A-lajjail 12 (JjVl 1-^31 1.^21 

. (Jj 121 C- (j-2.21 2>aJl 

^jIjjoj L£ ^1 ajaLq^IVI (Jj-g Metal I ic sheath 21 ^^a a a_i3ax. ^ t2ljAj 

.^U^J 
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(Cj 5 U£ 1 I L_u£jj) (jjjJlxJl J — (Jha\ 's'I L_)bll 


tiUdlSJI 4* *U * tji ^nlnill <UjUI J|$ll23.2 


Cjb^jA CjjIS c-jjjaj CjblljA ^A Ia 1 ^_1 aj 6 4_1aL^JI CjljliJI (Jja jx«Vic> ^A Ia I^AaS I AijUii jt^i 

Ja>a 4 ij, >>■» H Loj l „ v j c djl_i£j_o ^11^11 ^_3 4 ^ 'A" . ., jl^all L_ilc.l z .4 • *. '.->c. ^j£> j' 4 • *. Xr. 

. PVC J 


i^iax Va 23.2.1 


I^js ^aj ^hSI saIaII 4j Aj^aAj ^aa j 4 dielectric ; ^1 IaI (Jjtc." 4 _a1£ 

$aa c "insulator" ^1 asj .>bA <. st^aW ^ 4_ijA*_A]l cjILsVI 4J3UJI saIaJ) Jja .^^j^Sil 

. bj-it' jLnll jjja ^-IaI ^AiJLuJ SaIaJI 4j ,‘U^fl >i i 4_11_^JI 

4jli AjAjuoII JabjjVJ 4jjUl! SaIaII ^9 l^jJaxj^ CjJJI S^n^ll CjIsLuoaII L-AJjuoJj 

JjbJI ^A IAA 3 . l^Jc. (JL^-a Jjjb A^s^ Ajc. S^A (jA Cjbjjjj£iVl JUsAAl i- x asj 


4 J 3 UI aI^aII ibb^aJJj .A\-\ xmII L-L^a L-llLoj IaAA^J (jjjjb^^ (jjJaSJ SjJI JjjaA JM' b \ Ut 1 l 5 

(_£l 4Cj|jjJ! ^Jjj Cjb1 JibU V 9 ^ L 5 J^jLk ^b^^ (JL^a j^b Cj^j (JAiLaII J£b ,lVn 4 j9 SjA J£ (jlj 


•cs%>^ J^j JJJ^V v 


4_L^3ja]| ^jAlsLAll ^9 ^A Ia^ ^)JC. 1^j 9 Cjbj)jj£iVb t 4_L^ajA ^)JC. l^A aI^aII aAA Jjaj Ia ^aA^ 

4 _^jj ^jl ^^Axaj 4 ^1.33^ JL^-a JU. ^ Polarization cjUa^LjoVI Jj Jjaj IajI^ 4 

^juo^xJ) L-^IaH ^ Aj^^aII AA^-juaH Ajjj IaIaj (UILa UJaS LllllJ (Jj\-*J) (Ja L-S^la JJ CjIjjjj£MI 

. Polarization saIaII l-jUsaLaI ^ix a ^a Iaaj — ^Li^^a bias LaHs^ 


Vii^ A_\ jV_jiA\ biiV.U u^ilV^aL 23.2.2 

bj^^ iijlc. l^jb cJL-ajji SAbJ) l^J J)JAJJ C—L20 ^Ail ^ajbAxiJl ^sAI 

. 4_i]lc. 4 _ac^j 4_ajIaa 4 i L)J^ (j^ 1 

• jbo£j) A^ I 4 ! (jji jl -2 

. 4j JaA^bl Jajuj^il ^jA Aj ^ab-aJAl Vl 3 
. 4_3jj]b SAj^aI) Cjb^abi^VI ^a (_)c.Iai 1 V 4 

. Ijla 4_j jjaII ^ 4jvb-^ail 4jv^iLa> l^J (j^ — 5 

^ *.s-*°\\ j)\ ^AbJI (Ja^JI jl_p (jf* 4_^jbil 4_^jA l^jb^fiA ^ I ^)jbj V — 6 

. jLp ^jc. 4_^jbll jl (Ja^. 
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jill <joiAiA ; c_jU£]| 


. JjjpJ! (jJjJOJ (JjAJ V “7 
. (Jj* ATill *UjI j,^A^ 4 a 3 (Jsl 8 



tj£ <WJrf*23.3 

?Cj|j>u]^J l Ia3 4 Cjjj^ul^JI 4x-j) u a (jVl ^aJax. a 

mer ^}a 4 44x11a ^Ixjj poly (_545^ • IaA ^jj* l~tO* Aj&ja 4 (JjL-aVI 4-mjV (^aJ^j ) 4 a!^ ^j! 

^jl_ia,Vl (J^UM ^^3 ^AjoLJJ . Cjlla^l 44xJA ^1 44XJA ^ *13M pOlymST C^Uil 4 S4a^ ^1 is ^**15 

Jl 10000 ) is^ 0 C 5 ^i>^ qJ^j l^I j*^ tL$y*- j&j (macromolecule) JjvIaxJI c- 4 g)aJI 

ix jll l^ jJaxJ £a Jajjjj 4 lij>>n L_l£j-<J Cjllj^a. (jf~ SjUc. l^jlfll^s 4_LuJjoj 4)^01 c- 4 £^aJj^ . ((JjjIaIO 

. (covalent bond ) 4^1^ JaJjjj 

^t- 4jjJaC a4A (j 43 . Sj^SLq 4_ijja. Cj|4a*^ £ja (j (jjj ^4 c_j^^a ^ajI^JI ^ 

^4a1) 41a Cj|^aJ^JI ^jLaijVi <_IjC. 43j . l^-L^al ^3 4-ic.llj-a jl 4_ix_nJa 4 J^£j 43j c4jj4jla Jj^jJaC. Jj^jJaC. 

(jLaijV I ^4a3juol 4A3 4 4 _ia jJI 4lUa. ^ 4jJH»a (jlal^C-V 4_ix_i±la]| 4 j^aj]^J 1 4Aj]jjaJl j 4 jj1_±JI CjL^IIaH ^4ajjuo|j 

. i jAu^\ c_aVl "rubber" ilkall j " gum" ^ a^II Ia£4jjU] 1 "resin" cjlaJiyi j "pitch" jUll 

4xj (jVi^ .;4j uaVI (__jlalAa.V [5 4 4 LaiJI 4_ijjJaxJI l_>Jaj! 4jxjj)all CjIj^u]^J l ^ajJal j 
4 jLa^ 4j|4c- CjIj^a ^jjJalaJI C_3^]l 4^41 (jLaijVI 45 ^ 4JlS1j 4_iaAI Cj! 4 4_)jjJaxJI Cj|^aj]^]| 

4^1aj ^4 ^jjoij j 4 $.l4xJI CjLjj^joJ|j Cj\jjjou]| (j-o ^JT) n ^^3 4 4 ^xtiAj 

IAjjc-j ^_Aj-allj Jal b/sW ^Vuti 1 J CjIjV Ij ^j^xjjaII 4jj^n ^3 c_boiaJl 4 )a 4jg*ntn Ia^ ^jaj>La]| ^l^a ^3 CjlljjjaJI 

. 4£^1 ^a]^)C-) ^3 ^ xV 4j» nU\l 4_^aj]^]| 4^a]! 


Ljaj) -^3^ 4 JjuoLuj 4-mA l^ll 4 ^ 1 ) 4^j)>>aC. ^)llxJ 4_ix_iila]| a ^j) ^)a 

^JC> 4_ix_Lila]l Cj|^aj]^j1I 4 ^aj 4 ijj . (j^A-baal! 4 >^ 4 ^ 2 ! ^ic. 4 _lLla I^LjXuo lilloj 4 4j^jJaC- Cj|^aj]^j 

. Kja^ 4 ^jlxJij 4 ^JjJjIjoIJjoj'VI3 4 4|a^)]|^ 4 C_u 3 l^)aJ|^ 4 ^jaIaIV 1 4 _jjjJaxJI 


Synthetic Polymer ai^Vl^W cA jA_^A\ cAiil^ 23 . 3.1 

Jal) oa 1I ^1^1 (jUJVI p-IaIxJI ^UaJjaal 4^1!JI 4 j>JIxJI L_J^aJl ^3 Jal) oa 11 4_^laJI Cj4lj Ia4jc« ^jjjjoixJI (JjaII 
CjI^aIjJI ^)Jl1xJj . ^gjljAj^ll L_U^jl]l (jjJiJ LlJ^)flJ j ^xjjlall JaUa^JI Cjlflx^il^A (JjoAJ ^gJaxJ ^C.1 n^ill 

.4il£lll ^3 4 ) 3 ^ 4jxjj)all Cj\jA ^Jl ^a 4jjIaa11j Ijut/i JJaJjaiJ 4jc»1 n^ill 
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L_u£jj) (jjjJlxJl J £j|^)ll — ^ j * a \ 'sll L_)Lll 



t Plastics 4 j^£Loj>Ij]| aI_^a]I l^-Loj c Inh 4 _ia11*JI CjJ>£. ^jll Ajj-all (Jja 4jc.1u.o11 CjIj-<u] y\\ 

jiuol^S^Hj 4 Nylons j^LLlI 4 _ju% 4 Leather Synthetic 4 j^LcjJ! AjkJlj 4 Rubber JalkJ^ 
^yu S;[pJI ^lijjL ^^Gll 4 jL^all 4 jc. 1 u.o 11 cjKjumvLj jjjiill • Polyesters 

(jA i Fibers 4 jc*l_L^all lJiLIVI IcojI . Ia^jcj t ^j!jjj£J1 I^jC^j ^ ^jxj (jjA aj^jjIL l^jJvL-al 
(10-50%) S^lijL^a 4JUal (J-a^JJj a^jujll SAjAjuo ^LgjULgj J)1jjj j 4r-lu^>11 ^3 *LaA Vuuxtll Cj|^a1^j11 ^a! 

. 4j 1^-x^aL.aJjl ( Q* >■ iaJ J)1 jjj ^ 4j11c. Ajuj 5^3 l^Jj 


C-ll^A JJJ^ (J^joJ j Cjljj jjj£ 1V 1 ^llc- L5 ^ J^Aj CjI^jJI 4c.ljj^a Cl.Vvl Sjy^\ 4jjVI 

dlk. A3j . 4 un*sll (j£^VJ 4AaJ |^laj 4-1 j)A^. .all 4 jjjjj£JV 1 4iUall ^)Aluaj ^ju^'l 

PVC J) ^Vun) 1W u.oli 4j*_nla]l Alkali (jlXj S)J^»V1 4_jjVl ^ ljc.1 u^> S^Ca^all C_)lj.ajl^j]l (jAaju 

4-xjUillj 4 jjL<u£J1 CjIc. 1 u.oll ^ (Ji>.o«v (_£All l)^-^ J^ladll (jc. ^tjlj lAA _9 >\jj AjA^JI ^jjjjI^j Vaj 


^aJ AAj jj ^ J£jj Ia^jj j (j-<ull ^a^)J jjxm LaS SJU^. 4jf£ijl£ij CjIax^sj jjxm fiAAj . 4 jIaLuu>j Jaflill 

CjL-£al^xllj CjI^jUoIIj 4 n.^11 J 4jj^J1 CjIc.I jj^allj Ajl^Lall CjI^aV 1 4^ 1 u^3 1^ ^vl^Vunl 


• 4jj^^11 


(JU-a ^_9 ^yt sJjlo"l.„vI (j^oJ 4 jII ^j—aj g.Lai * Jl (j^oJ A^jLluII CjVI^- 4^ 4_3L*Ja'^L jj 

^ La CjL^Uajll (Jl^a ^ \c.^ ^jp]| 

.La 


:L»a (jjjjLul (jjcjj “'^_>«4_j4l (j4-4 ^joaB j 


thermo-plastics-: 4 jjl^=JI (jjlJJI -1 
thermo-sets-: ajjI^JI -2 


PVC : 2aj\^\ tjL\LW\ 23.3.2 

^pIaIII cl>^ PVC Jl ^jy* ip • -iL-ajjj Sjl^JL ^plAill 

. CjXjIH! 4-C-ljj^a 4 -^,^Vh^11 


Sj|^J| Cjl_ 2 kjJl AlC-j (IAjjc. ^ ^aA^JjujJ V) 4 AJ)^>H Alc. 5 ; 11 aa 4 jj^^ PVC _ 1 ! jxoJJj 

A34-^11 ^ ^IIslSI ^Laj| ^jxt'V UlA ^aJ (j>»3 .4 _Lgj q* L_uL^ ^Jl 4 4 j^ill 

^lijj! Alx3 c 4_ill*JI CjIa Cjlinialill ^ ^Jj^ajV ^aJ (j-oj SjlpJi 4 ^jAj jjIjj 4jjljlc. .4_jJaikl<JI 

4flj» x>i (j4 HajULq (j! . 4 j3 LjJ^Cj-g yt* ^-iLalL IaA^ 4_j jj! (PVC) SaLo oC jl_2kjA 

. Cjl.flfl.uG 4 j c & vWj q\ (j^AJ l~ n^v 1 a^ 4x^fl^^ll CjI^jA 
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jill jll 

jIajI Jja-^J ^fllVn 4 jS 1 4 j 1 I L-I^J C-ljiJj Ak. CatlAiJ j £3 ^ ^lill c-lllaVI 4 jj^al_Aj PVC J! J 
CjUUaJVI Jl PVC J! (jJa^uj VI ^c-Ijj jl l_l^j IjjA.Ij ,4Jl*jjjil Ak. 4 aLuj Cjljlk 4 jI VI ^ L-i^ili 

.4jj^alall aAA Jalla-ll (Jaa jjjI S^lall 



Iaj3 PVC J CjLqjuj (JLaa»i j£vaj j 

. 4_llc. 4 jcjj 4ajULa l^J — 1 

.Ja£3 CjSjS 1000 (Jj^aJ CjliLiilaJ ^ VI ^AAjjojJ Vi jlailAiA jluoSil A^_a. l^J — 2 

. laJa»xll lajujll j-a 4jjJa^}]| j^L-oIa! ^Jl£» 4jj^al_k l^J ~3 

. ” cAyfill J jJaLoa.VI £-a (Jc-Ujj V " 4LaLk (j\ ULa^ 4-lajaij jk- — 4 

. jj^all 4_2jJ ^lijjL IgjljjfL* jjIjj — 5 
. 4j jjaIIj 4jV )>^ll 4jj^al_A, l^J — 6 
. aja.Aill jl CjIjjAaIIj jjIjj V ~1 
. cLiaIIj jjIjj V — 8 


Thermo-sets-: 2u^\^\\ ^\y*A\ 23 . 3.3 

Jl 4jl^all jjIaIII j-o AjA*JI "JjjaA " Uc-llx^a j^AJj 6 I^IIV* 1 ! 4sjJ jj^allj jJjV jll jjIaIII 
Aoi^aJI j-a jlcjj Aa^Jj .CrOSS - linkiriQ 4jf^Ajujj]| ^-ajoI Igjlc. 4x^aLA 4aJljLA sJ^a.L d!3j 4j|^a. Axilla. 

ICjVjISII 4c.Ll^a J jIa^Vuj 4jjJJI 


RUBBER-:U\A\ 23.3.4 

£jojIj (jUaj Jc< 4 aIaAjjojI ^aJ Aij 4 n^ll Jalla-ll ^4 jAI j^_AI <ja bfltyl TUbbeT cJ^^I lall^A jmj 

^AAAjujI Ia£ jfljuall (_)a>l^ S^lc. S JjajA jj£j ^jjl ^jaAulIj Cjjjjll 4 ±ajULa] Jaj jAull CjVj^S 1 r_l u 

corona ljjjS]| jj&Ua] 4akk ^U,.aJJ (jill jjJjVI jl-*-^ 41 ajIaa c-AJjujJ JUJI A^all CjVjIS ^3 I x^ajj 

.^-j^Sli (JL^-aII Sajoi S^Lj j-o 4 jjoiU]| 

PP 0*4^3» 1 ^ 3 ! V? ‘ PE o4A\ 1^3^ 1^3^ 233 5 
Jl (Jjjl 1 4 LDPE 4i\jSll jiaAaA^ ja-VI^ HD PE 4iljS]| j^lAl ^_^jj : I^Aq a^jj 

S^Lo j 4^ i-^l 4jajlA» 4jLaa^ jV-A*Aajj LajIj jV-A*Jjujj V Ia]j PVC 

. CjVjISII AJji3 Jajj ^ 4 ^AAjjoia]| la jjAJI 41a ( x_A-aJj 
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(jjjJlxJIj \W l_jU3I 


-: XLPE^Uu^cAV*^ 233 - 6 

S^La <jl 4 Cj>hl£JI a r_ t u ^ (jVl *U.axJjuuA 1 ^>UaVl cs^* -A-J^JI ^_joj! ^A XLPE S^Lg 

EXTRUSION (jiuH ^jc> aL-^s^A c. L , v5j~ ^jj . ^IaI]! ^^juoI ^^a PVO 

^nxj Igjc. 0jm 4 jjLl<u£ CjLiLoC' SAX] SaLAI 0 uajAJj 4 _xj3jj-q 4_^jJ Aic ajA^I aAL^JI LaAjc 

(J-axJjuaJj . 4_2kjJ ^UjjL t^UA A*J qAj V ^Jjudli A^ja S^La 4_jc 0JLJJ Lui IgA ^A 

.a_i4_a*jJ 90 SjaIuia 5j|^. cAU£ll ^ <JjU£ XLPE 


4_2>jA Sjl^JL (jaia V S^La Aj\ c & n^v 4 )*ittijlxAjj ^laAl Ag'sll CjvLjI^ (jVl LgI^jjujI .3^3 

a»^jJ ^ Ig^jA^jjuJ 4 SjtiAxi 4 _aj1_ixu£j 4jj\jjjaj 4aj^^ (j^aj^j J)J-ojjj IgUV* 1 ! jl IgSljlaA 

4j-gjULg ^JlAsuj CjjjjS ^^3 Aj^la 250 a_^jAjj Aj^la 90 (Jj^aj-^11 SjxH^ia 

a)1^ SJjoi S^Lj 4jjoili]| Corona lj jj^£JI S^&Ua] a ^j~ ■> «ajj a^AII ^)l*Aj SjtLd^ 

. JUUi^U aJjli Ia^. SaL^s SjLq 4 


Jjl$*JI JSUi* j>l23.4 


: L^_1a . (_)£Liui sAc. j^ys a-ijj^ill CjvLj 1£JI ^^a a a^ h,^ll ^jlau 


Losses 23.4.1 

a)jI^A] a£)]>^ ulP^ *^3^19 Cy* LojI^ ^lall L - ia>j ^aJ a>^3 6 aIA^ Sj|^. L . \ u 1 '" ^LOSS 2|j 

4_3jjoi1a]| (jl Ja^,V • (cJ - 0 c^5^a BaIj!L 2) 5^)|^JI (ji 4 

. I^jLlu^ a_L<iljaiA j Ajjlill a_ica^jj^aJI a_^jUL2! ^^Ac. ^ajV) c i^j CjI^II ^jaA aJL^. a^Sjju CjI^II 


:a2till AJaIslxAI c > nnVi Insulation Loss (Jj^aj^L Jaa^-xAl (Jjl*J! U>L^ cjIa 

P,„,= V'coCtm S 

c_jj> im^I' jluljj ^a.^ ^yj t J.Kn, ]aja.ai (Jj)Lt]l S^Lol LOSS 3I1QIG ^ aa ll 4_]^lj ( (S J 1 "jja 

<5^1 ( 6 ) ^jl^lj . Load Jl jluj ^=JI (jjj jjSj jd\ Power Factor Jl 4 jjI) <j& <_* JWLj, 
J>Lk Power loss Jl CjJj LJ^ I*"aja Cj^I^ LJ^ l^jl ^^ayi (j ^9 4 c£>^l Cy* 3Jjlc. SjLo duiyJI 

.JjMI 
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Jl ; J J C_jL£]l 


(^J\^.a\\ 4jj.juilk\ Cli\jVliW 23.4.2 

(J^LaaII ^ja Jl£JI ^aJ l^J ^iJI (JjLJI CjLlla (J>Li. Jl£^l (JJa (_£.1a <Jc> S^Ua 

jlull jl Charging Current j^JJI jUj jlall La C5 -^j 4 c£LJI J ^jajj jll 4_nLuJI 

:ibl*All jUl! La 4^a l-j^ jj . Leakage Current l^jauaII 

I c = Vco C 

CLu^. 

.Volt _11j LoLa (_]j» tii ill ^a V 
. (oo = 2Tif) (j-o Jl^L jLJI ( f jjLJI Jaijjj 00 

. Farad Jl> iuA aa ( Capacitance ) ^ C 

jLnll 4 ^j 3 c larfljjl LJ£ 4j^al^J) Capacitance Jl jl 4 IaI^s 4 La ^jaj 

.220 kV cj>LI^H J JJa jIaJJ 13A Jl J^aj 42I j^. 4 Jl£ll (JJa Jc* 

i>"\\\ j)\jj 4_aj3 ( Critical Length ^>^21 (JJa]| a m a 4_ajs Jl (JjI£JI (JJa Lq^c. ^ 

JJaaII Power Jl (J^ J La ^ (JjI£11 (JLJI ^LJI 4_aJ aj jLaa ^ (JjI£JI Cy* ^pjjaLJI 

1 a nj 4 64 Km ^a 132 kV Jl ^LajjIvia ^^21 (JJall^ . \Ja (Ja^II (Jja^j ^2 ^9 4 cjjjjaj <JjI£JI 
jLjII 4j a^JI jIJ UK 4j| ^jjaJI (j-oj . Ja^3 24 Km Jl 400 KV Jl 4 _ajjIvia ^3 ^>^JI JJ2I La (Jj^aJ 

. 1J (Ja. V (_JI Cj>Ll£j| (JA LAj ^jaJl (Jjlall (J]L ^JtJLj C-JJjuoIaII 


: WATER TREE 23.4.3 



Figure 23-2 Water tree 


SJjalj ^Jl (_£.ijj (jl jjp JjUSI (Ja.1.2 Jjiaj]| LjJJjujJ 
Iaj^V - ( Water Treeing ) JLJI j jj r J l ^aIL 

— JaULa ^jJC. (Jla-A^lj (JjJaI JJC. (Jj^a^All ^Jajoi LI 

^Jl£. c-AJjaaJ 4J3USI S^LJI (J^.L Jl 4_JaJ LjJjjojJJ IaJUxB 
^Jc. JjLJI S^LJIj (Ju-ajAll JL^aII ^Uajj! 

L-JjJC. j Cjl^pj c > ^Uj>n (Jjl£il (JJa 

JaAJ He- JL^aII S^Lj (ilL (jC. gjjj 4 ^JU^JI 

La ^5 .(_)jl£il (jA ^jjAaVI *^ c ' il cjaJ! 
J (JJI J (JJj^ J 4 > lUtfn L_9>LkVI 

^pjjuj . (2-23 "Jl (Jja cjLUjVI ^ja~v 

. (JJI s-jL^I ^aI >^1 cj>L1 ^1I (Ja.L Jl 4_JJI cjjjujj 
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L_u£jj) (jjjJlxJl j — ^ j * a \ 's'I L_jL1I 





o tfi 


S-Uaxll ^ja ^ 5^5 6 CJvLx^aJaJ ^>a (Jjlc«j 6 ] Cj>Lx-a^Ic. L 5 ^" * v " C 5 ^ l)^ 4j1_xjjjj 

Spa (J>L^ SAj^ 4jjjjiaj (JjlaJI (_|aC- (jLajJal iAHa j (_]£tl]| ^ja 4jLa^JI 4 j^Ytl^jx^l 4 jL<^JI ^jAiiA] 

JajujjJ^I Ag'sli C^LKj \a\\ A^JI Cj>LjI^ <jjj (A1 jJju1a]| IaAj i^axI Ja|psVl 

Ajjg'sll (J^Lolo ^y^xl (j£^J CjIaxIs SAsu JaJjaull l_u^jj]| lAA ^jc- Ajjj ^SlaJI ^ Inxtip^l A^aJl Cj>LA^ 6 

. (_£puj Lo£ A^_aJ) £JijjJ JjLqj ^ACj 4pl*Ji 


JojujijAaII A^-aJl Cj>LjIS (jf~ jAAxlll ^Uaj^a^l! IaA ^A^AjoAjo^ ^IslH A^-aJl CjyLjl^ L_u£jj IjA ^plpJUJJ 

4-jL-aLi^ ^ Ao^tt ^a 4^A^JjauJl aI^aII (_)-ajpL Cjl&lla]l AAC- ^3 l^jjj (Jjpll (jV 

^a]|j dupLi ^JjolaII (_ 3j flAaaJ ^ap 4JLja Axj jVI Cjl^l ^ tjliast J&Vl XLPE c3U£ 

. IjLoilj! jj£V 1 jA Iajas 


: JLJI JAftll ^>23.5 


Lg^ i (1-24 Jis) s^c. '-^j" ^Jl*JI ^a_S1 Cj>LI£ 3^-L 

. (Jj-<3_Ja1I . 1 

.Semiconductor Layer ( <3^*11 4+fy 3jVl 3-»>4l cjU^. -2 

Insulation J>JI .3 
. Semiconductor Layer ( ^pliSI 3-»>4l aJ>JI uL^ .4 
Metallic Sheath _jl (a^uA^II 3)*-^ mI^ .5 

Filling .( A^i^l J ) j AaJI .6 
.Armoring jl ^Lall jjii .7 

(4ik3L) J> .8 

Outer Sheath . ^jUJI U3UJI .9 


. 4x3a 3 ^ 3 ' ‘ ^jJajjt. i.u 
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Figure 23-3 dj^Ll£ ^ a gVi^H caLa^a]! 

Conductor ^ JUD y\c\ 23.5.1 

^a]^^2jj ^ ^j) 6 Ampacity aj& ^£-21 ^Lnll ^jI.2Lq L^_Lq cjL<ujj s^c. ^Ic. (Jj^aj^2l i^lLuJI ^l±±^J aa 1 *j 

.aj^ij^ajaVl 4_p.UH j-iULj (. Flexibility ^L^Ljaa]) 


2a jjla'sll CJvLx^a^d (jfA. l~ uwll Aku Uj^A (jl US stranded ^]j^> iiDU (jfA £_L-£3J SaIc* CjvL^a 
a^^jjaiJI a [^<21 CjLajujj 42ja^»x2I tilvLoiVI CjLgjoj 4j«_^J^< 2 (jVI 1^.21 ^21211 l_j12I 

_5» ^I^jjoj La j^c- CjvL^a J-2I 4x> 1 u 

4jiila]) &aa 4_iAAij Tinned wires s^>^>^3^ tiS>Lajl ^ajous (JjL-aj-21 ^JLla <. _ q! >. >>" Ulaa^ 

. 4_2aUa-<2l (Jjj^ail Cjlj c^La t^y axJ (JjjL^- 21 (Jolij ( *_Lq 


5-iaw^j jl 4_3 ja1I ^)jjIx^21j ^L21j saIc. 1 a* 1>L a^Loi^j ^jAijj Size ^Jj^a^21 ^jjULoj 


c2>jau22l a^Lo^ ^ ^LaiJ^ . a^j^VI ^112) i.u^ American Wire Gauge, AWG 

(_^l L^_J laj^j (jl C ^ (jjA]]^ ^xiUaj (jaj 4ivL*JI ^jC- CjLo^laL-o ^ )a*J (JjA^Jjj .*LgA^Jjoix2I 


. <jjja^ 
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L_u£jj) (jjjJlxJl j — ^ j * a \ A'I L_)Lll 


AWG 

Diameter 

Diameter 

Area 

Resistance 

Resistance 

Max Current 

Max Frequency 

[inches] 

[mm] 

[mm 2 ] 

[Ohms / 1000 ft] 

[Ohms / km] 

[Amperes] 

for 100% skin depth 

0000 (4/0) 

0.46 

1 1.684 

107 

0.049 

0.16072 

302 

125 Hz 

000 (3/0) 

0.4096 

10.40384 

85 

0.0618 

0.202704 

239 

160 Hz 

00 (2/0) 

0.3648 

9.26592 

67.4 

0.0779 

0.255512 

190 

200 Hz 

0 (1/0) 

0.3249 

8.25246 

53.5 

0.0983 

0.322424 

150 

250 Hz 

1 

0.2893 

7.34822 

42.4 

0.1239 

0.406392 

119 

325 Hz 

2 

0.2576 

6.54304 

33.6 

0.1563 

0.512664 

94 

410 Hz 

3 

0.2294 

5.82676 

26.7 

0.197 

0.64616 

75 

500 Hz 

4 

0.2043 

5.18922 

21.2 

0.2485 

0.81508 

60 

650 Hz 

5 

0.1819 

4.62026 

16.8 

0.3133 

1.027624 

47 

810 Hz 

6 

0.162 

4.1148 

13.3 

0.3951 

1.295923 

37 

1100 Hz 

7 

0.1443 

3.66522 

10.5 

0.4982 

1.634096 

30 

1300 Hz 

8 

0.1285 

3.2639 

8.37 

0.6282 

2.060496 

24 

1650 Hz 

9 

0.1144 

2.90576 

6.63 

0.7921 

2.598033 

19 

2050 Hz 

10 

0.1019 

2.58826 

5.26 

0.9989 

3.276392 

15 

2600 Hz 

11 

0.0907 

2.30378 

4.17 

1.26 

4.1328 

12 

3200 Hz 

12 

0.0808 

2.05232 

3.31 

1.538 

5.20864 

9.3 

4150 Hz 

13 

0.072 

1.8288 

2.62 

2.003 

6.56984 

7.4 

5300 Hz 

14 

0.0641 

1.62814 

2.08 

2.525 

8.282 

5.9 

6700 Hz 

15 

0.0571 

1 .45034 

1.65 

3.184 

10.44352 

4.7 

3250 Hz 

16 

0.0508 

1 .29032 

1.31 

4.016 

13.17243 

3.7 

11 kHz 

17 

0.0453 

1.15062 

1.04 

5.064 

16.60992 

2.9 

13 kHz 

18 

0.0403 

1.02362 

0.823 

6.335 

20.9428 

2.3 

17 kHz 

19 

0.0359 

0.91186 

0.653 

8.051 

26.40728 

1.8 

21 kHz 

20 

0.032 

0.8128 

0.518 

10.15 

33.292 

1.5 

27 kHz 

21 

0.0285 

0.7239 

0.41 

12.8 

41.984 

1.2 

33 kHz 

22 

0.0254 

0.64516 

0.326 

16.14 

52.9392 

0.92 

42 kHz 

23 

0.0226 

0.57404 

0.258 

20.36 

66.7808 

0.729 

53 kHz 

24 

0.0201 

0.51054 

0.205 

25.67 

84.1976 

0.577 

68 kHz 

25 

0.0179 

0.45466 

0.162 

32.37 

106.1736 

0.457 

35 kHz 

26 

0.0159 

0.40386 

0.129 

40.31 

133.8563 

0.361 

107 kHz 

27 

0.0142 

0.36068 

0.102 

51.47 

168.8216 

0.283 

130 kHz 


.(J^joJI ^9 L£ ^iSa\\ 4_^.Luia Cjj* x^o IaI^ ^}]| IaI^ 4jI ^LjaVI Jsl^V 





12 12 10 8 6 2 0 

AWG AWG AWG AWG AWG AWG AWG 

stranded solid 


4-AjUlA (jp* CjjA^JI Jafl9 . Cj>L*-a ja]| 4 c. 1 u ^3 4 _aAAjjoia]| ^j£- CjjA^JI ^_Ujj J9j 

. Cj>IjI£A] l^W (jc> i~ nhll Ak. ^Ibll 5J 
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j2l 4 jujJ 4A ; £j| j]| C_jU2l 


<- 


Semiconductor Layer ( <u^ 23.5.2 

^_3 (_L-^a^_lc. (Jj H ^£]>L_gV 1 cJ<^ 4 _iLoC- 

4jjouj (JjL-a i^aII ^Jojuj ^Ac. (JL^aII 5Jjoi 54\jj 

•aUalj) ^4C JJ (_£4jj ^ffijoA JJC (J^Jli 4 %20 Jj 
J (Jj^jaI) j (JjUA) ^A^UI ^AajuA) ^ JU2I 

JaU2) ^ JI^aI) ^ (jjablkj) j 44c 0 Jl 4 ^Al) 

jU^jl Jl <_£4jj 45 ! IAa j .2 — 24 3^2A) ^ US 

• J>2' 

water 21 s^Ua <4jj4a* ^A! Lj^jI (_£4Jj 45 4ASjoa1I &Aa^ 
*Aa 4 ^^] 4Ajl*AI S 4 L 21 (J^l4 ^1 aj jAa^ll l-jjjujjj tree 

^ 4^a^l (^4jj ^^21 C-AcjIiH 

^jjuj US juAI JAa CjIaUjV) ^ja~v ^ ^}ijjj 
.^jLoA) 4j 1^4 ^ 44c- c4j4aJI 




^ 1 

[foj] 

^Cvy'% 

i/feiv- 

; .v,'*r.v- 

4.'*VV*r*.-» 

^ J 

A3 


Figure 23-4 JU-^ &44i ^jjjj 3*^21 4jb & jjjLj 



^ajojj (3-24 J^A) 4_L^a ja 4jjjj 541 a <. > \fsj j (JjlSli ^jn^i ^ jUjcVI ^5 Aa*U UjlA 4 KxU'l oAa ^3l*AJ 

J252 ^y U t n ^a j (Conductor Shield) lU^I ^Ua 
J c J*j <> j stranded effect J! ^aIL 

^^gAc (Jaju 44221 $Aa (jl 3n^v ^^j^SAI £jjj4 32^1 

^jlaTl C5 ic (JaXJ US . (JjAaI 4 J (Jj^SJaII ^ Alin Tl 
^Jajuj ^Ac 4 j4jaC ^j_1 C ^ju-sa2 3 Ua 1I 2ajAaa, 


semi-conducting layer 

Figure 23-5 


) (Jjj^aj2^ 4_i4o 4 jjaU. L_iU^2l £.UacV 4 ^jujI (jjJjS AALjal £a 4l±Lu2A_AI 541 a ^ja S4L2I &Aa ^Ix^aJj 
2U-2I ^Uadjl ^Ac IAa (Jj^ajAll 4 jj4 4cLol3j ( 4_jo4j (Jj^bjaII 4ajIAa ^ja (^jAcI (Ju-ajAll 4 _i4j 4aj14a 

.UjSA US JjUA! cUb^j^SlI 


S4Lj Cj]jj 5 ^5 JjUAI £A ^jjjUSjVjj 44 a21 4aj>La 1 ^\»y 4 jaII 4_Jjoi S41a2 4j < sj"hhvL 21 4_ix^aUJI ^jl IaS 

Cjtsii (j^b cjIcIas (^\ ^4a ji (_^4jj Iaa ((34^ ^)L)^ 4jp (Ja^ji s4Lj) (34^ ls ^ 3^^^^ ^Ab 

4-cIa21j C5^i 4 _ij^ 2A! Cjbl^-aVl CjIc\ 42I <412 43 : ?i5 u^ 3 Uic . 3j^*A|3 

. JjISII <34*A^ 
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(Cj 5U£1I (jjjJlxJIj ^1 Jl — (Jiaa\ \W l_jLJI 

INSULATION _ A\ 23 . 5.3 

j Cy\3 ^ V 3 S^jli >Lj ^ u^I ^jl^jl J (Jj*JI L °* ^ ILls <JjI£JI CjljjLa ^aI (Jj*JI ^)f s * s 3 
cJ]L^9 CjIjq^jjII c-lill c41VCj (JjaJI jliiaJ ^A JIxj £. n«o,aH J (j£^j jLikl ^aI jjlL 

jAA\ 4j1 x>^vj (Jjc. ^\\.aCj 6 |^uajLJ (jc. lg xiaxj CjljbJI (JjatJ ^3^ (Jj*Jlj • CjIc^jjula]! ^^9 jLJI (jvUal (JjS 
jjJjjl ^JJI 11 XLPE s^La jj-a U3^ (Jj*JI (jli lajuj jHaIIj ^JLJI ^-^Jl Cj>LjI^ JJl^. ^sj . <JjI£JI ^a jJ-aLtHall 

. (jjLuJI Jx^3 AjLojuo (jc. CjjA^JI JlBj ^LLuHaII 



:4Jaj^l4 

Laixu AflL^s ^ JjJJIi l^Jj-al Lai c JajujjVI (JJJJI^ LjjjI 4juLuJI ^A JJLiLuJI (JjJJI g-JI s-LojojI 
i (JjJJI AsY^a s-LojojI Cjjllkl 4jfiJj-aV! CjIjI n^LM AjjA (jl VI J-Jj-aJ J Ja Ljajl l^jl jj t I^jLojujI 

: L^-aaI j>* 

Jails Jil^JI (JLaVI i Type T cJjl^ • 

&Lia 1] 4jja^x-all (JLaVI (J J^a^kjjauJI (JjJJ] i Type TW, THW, THWN (Jjl^C. • 

C_llaJ ^S ^.I^JjoUJ (.- ^ III 4_l!ai<a 4_i^jl^. c aLJl Aj j 4_jjJ*JI (jj 1^111 (j-a ^Aj • Type TBS (Jjl^C> • 

cj^JI^ J_JaJ] ^ajLL» 3^3 • Type MTW (Jjl^c> • 

JJIJI (j£LaVI 4akjj ^5 (J^- (J-o*jjojjj XLPE Jl 4_juaJj ^Aj • Type THHW (Jjl^c> • 

.^lajll JLaVl 90 


JULj 6 Uj^ qjJ Ia^>Lj CjIV n« ^Vn„n hS% 4_Lal*JI Aj£jjj(Y$\ CjI£jjuJI (J^axj ^jl ^Ja^JxJI ft^A 4 _iaAI^ 

. CjI VnxJI 6La ^LojujLj I^LaLuj ^1 CjI^jjoiII (jjLaUJI (jjjujAlkalis 


( ^Ai\\ A.±jja ) ^jV A \\ ^ A v v 23.5.4 

^jJaj^j i (J^^aj^JI Asu JajujjiLo]|^ ^l*J! A^Jl Cj>LI^ ^ SeiTli — COndUCtOT (Jj-aj-oll 4 _Jjoi S^La £jJaj3 

(J^jaij (Jj^aj-oll (_£)l^a (J^jolJ ^)Jjaij ^^J^£j| (Jl^-xJI JajLi'V (J*-?* S^lxJI 6^A 4flj)a. S^joilj-a (JjjJI Asu Ljajl 
.(JjaJI (_gLc. -^l^-^l l** V^J V ^ULj (Jju<a^a]| ftl^jl ^J^aC. ftl^jl (jjaJj ^4 — 24 

^jJI 4_ixj^a (jj£jj JJjlu-a (^1 Ph3Se Jl (_gLc* 4_^^Ja^a S^La (j-a IJlc. ^ ^jUll ^ Ajjai S^La 

.Cj>L^a^ll (J-oC. ^-aJajoba 4_^.lafcj Jl llaJ Ljj J^. 
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Figure 23-6 J^Lkijl 


uAV?’ l> UjtJI S J '^= > - UJ^4 

Ujl 4i& lAiaj <_p]| 4 jA Auxiliary Shield j&Iul»JI JjUSI i_iUiJI • 

(aA till Metallic sheath Jl 312= ) Primary Shield t-jUaJI • 

AoiU'l aj& L_ 1 SJ I jl Ail Ia^V 

<_pjj lilJj jli semi - conductor 
JLa-41 Ja^lai. ^-aaj ^1 
LjA ^aC . (JlA 41 t . ,5-11 j 

l^J>]| jL^I J1%j J>JI <> 
.5-24 Jiill J 



Metallic sheath «_ 2 ^k\\ 23 . 5.5 


l x(6-24 Jii) gjLn ^Lixujjj (jUllsLA .I^jj 


S)l£ L_3 >IJlSI 13a £jJajJj ((jVi l^AC- l~ 1,h11 AAllall (JjVi • 




Figure 23-8 ^4^' cjliLL 


^ 4_Jvlilll Cjljl_all <jA 

jl_p L—LJJ_ulJ (JA l ^j^AJ 

Ia£ — <jl — j_x-^aall 

^ja 

* i x j . oLlaII CJj—ujJj 
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(Cj 5 U£ 1 I L_u£jj) (jjjJlxJl J £jl^)ll — (Jiaa\ \W L_jL 3 I 

^jaLg^VI (j^aU^a^l (j-a 

:l$i* c lak±* JliiL JjVi Metallic Sheath l_£UJI ( ^u j 

. 4_n](Jjl*AI ^Ac* ( _(JjAa^II (j-° <^>1-^1 /JaJjjui • 

.4_i]^!a 4jjJjAaJ (JjlaAl ^Ac. £jJajj ^jjjLaa]| JaJjjoi ^gl • 

Extruded - J^nll ^jC> (JjAallj ^aJj (^^-aL-a^l l^xu.oxt laV-C- • 

4 _x^ai^^. (jl VI 4 j-ojIa>oj ^ix^all ^J^jujj ^-alx-a^]| ^jjxTn c_Lia> lead sheath 

(_|a*JjoiJ lilli] JjISII Sjj^JI (JaU^ C5 -^y IAaj Lj|^. Jjoi-g J-AC-J 4flj* jJa 4 j^nl^jxAl 



.^al^JI ciilj ^aU^a^l t^ijljjaj (J^axJ 


(j-A (_£^l 4iV |^laj Cj>LjI£11 c_9>IJl!I 4-C- 1 n^jjlo^SVI aI^JjujI (J^aj Lg£ • 

L_l*j^a]l (j-o (jjflJ 4_jli 4 j^j1^1xAI ^jjIa^VI SAjui ^IajjV j^laJ 

Cjbl^VI (jli ^1 4iljJal .(JjI£J! ^JJ CjULoC. .IaC. L^ajA-a^ 4 juz (J^lal^l 

divL-aJ CjA^ IAjjuJ Ijjjtj JJJj (_jjl£]| (J^I^AI JAxull (jc. 4^jUll SJjJjoJI 4j^aj1^l<AI 

4_1^juia]| (^jAc. L_Aij]| ^aJ . ^JJXO^VI (j-° 0*A-ol <*-9vlc- ^1.^ VumI *01^. (Jjl^ll 

cilij ^jajI x^i"ix>l 4 v^j corrugated cJivls^ ^l.^VnAj 

. jaA-gVI cJlAJlSI j»a (JjJaSl 4j2jjAaJ 


. li^V IgJC- ^iWVutl SjA2^\ (Jj3 4fljAl 4_juoAJ J&J : ^lAll ^gjAsLxJI C^vliAl^ 


loVe- lii^*i*\ liii-^\ V4j-0 23.5.6 


<■ > A ^ ^ (_AaC. (_£l " (_)jl£j| L_ll^jaj" \ U ^ j cillj] (jC- JJLXJj . (_)jl£JI <Ja>b ^JJ^ll (Jl ^ a] I J>/1\ 

.4_2kjli* AjjouiaUaLxJI^ CjVI's^II £Aa1 

. ( ^jJajVI ^)AAaftl I ^)l_n] 

^ > ^ (JjlxJI ^ Aim ^ \c. 4 jJ^o*AI CjVU-<JI JjUJI ^Ac. Obl^VI ^)iaAa> 

.4ilj ^ 

.CjV 1 aII ‘ _ »■>■ ■ «< CjVU^jVl S)^.l '<-- (jlujwnll (_ja 

. JjHU Ai&il (_pijjlj]l iu^ll CjIaAx^I j U' 1 . ^ 

. (Jjbtll SjLJ 4j*jjiaj luLiAJ^j 4j$jjl^JA 4 jIa^. ji iJ 


-1 

-2 

-3 

-4 

-5 

-6 
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jill <joiAiA ; £j| c_jU£]| 


:FILLING - BEDDING ( aAjA\ > 3 \ 3 __^\ 23 . 5.7 

SjLo I A& £jJu-aJ ^aJJ La S^lc^ . Sj\h (_)£j 5,^ ^ 4 _juo^ 3 C5^3 Cjjjlflll £jJajJ 

! ^AjLg ^juiaJI 4fljL> S^jli ^ . (_)j3 IaLj^A CjI^jaa l^J L2 PVO 

. fiJuJujj 4-rauuj (J^_ujj Jtllljj SjIjlLuoI ^^Ac. (J-aaA) # 

. Aaj (jl Ia^V £jAajJjol ^jLuMl CjIjIaII 4_jLaa. • 

(JaJ.3 ^1 4_ls-LAI L-IJJjujJ ( ^Ac« ^LaU * 

4_iaxjlaJI C-lLoJu^n!! £y pLLax^ (J-osu • 

L_llx^a]| ^j-a CjIaiLs *^ 3^3 aJU ( ^i l_j^ 1 a]| AjLaa. • 



: ARMOUR ( _ \juil\\ 23.5.8 

1J ^AjouAI 6 \ L~ s)J\y A \ \a (J£Jj 6 £l2joU (jjAj (jj£j A3j 4-aJjgbQ A3 Cj>Ljl£JI 

c^\^1\ J* 

. ^C-Ull jl L_jIjj]! Cj!A 4jua^AI ^jiajVi • 

^ 4 \^\\\^y JajxjJa ^ CjIA^aII^ aLuuAI^ CjjjLjaAl j ^jlj^Jjailj 4jAa^L-<AI (^yaj^\ • 


jl (JaAI CjUIaC- *LS! IgA 0 uajAJj Cj|jlg_^Vi AJa 4_jLaao ^JLqjj 4_2xAjouAI Cj>Ljl£]jj 

4^aLoia]| 1 x^vtl 4Aila]| 6Ak (j>!3 .4A>La^ CjljljjaJI jS^JJ^ (JLaaA 4jJa^)C. C_ul^ IAI 

(j-o Va ^Aj 4 J ^ 5 ^) ^)Luu& ^j 43 jA _5 Earth Faults ]| ^jLj j^Loi-a a\_^_j\ 

.(_>^jVi 


:4_AtiSI 4oh-v^ VKaI AkLj Iax^sj V c_iL^]l <j-a ^ n^ij ^AaLxJI 

^)Ja3 C t Uti^v 0*5 — 0.8 mm L_lix^a]| Jajjjjaj ^jljAlla (_)a*Jjuij A3 • 



6 lIjIUI jUuMI 4_Aa*J (_£^a.l AJUjla Jiajj • 

.24-7 /jo\-v A\ L_lix^a]| tilvLail flAklJ 

4_n3 ^-iLujj 4 _AaC- 

. CjvLjl£jl ^.llx^aJJ ^AJ 4^)jai AJ(JfL 4_x^al^ 


Figure 23-9 ^Lull 
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(Cj 5U£1I (jjjJlxJIj — ^j*a\ \W l22I 



Sheath Effect <_a^U\\j 23 . 5.9 


©C. SjLiC. LijouJaljjuo Vl^a /jIb (_]^9 ^)1jj ) ^ > a 


c£U£il 4ik.i ^ 4^ij JjIISI u£lc. ^ Induced EMF 4p ^11 I (j-o aHula cjljLawi 

: I^-Lq ^^21 c_9>UlS) CjL j&la l^jc. 0jm 4jjjjb CjljLp <-. < w>r< a_x9I2I 5^2) £>2a t aJ SjjL^oll 


ufoUJt Aaa\jA1\ ljIjLuII uaxujj lj bjjjA* — 1 

(Eddy Currents) a^j cj^Ujj (Inducted Currents) 4 jj^ cj^Uj JjISU <^**11 u£U2 ^ 2 jjj 

^g9 3 I 4-uiflj JjISJI Cj>L^a j^q (Jj-aj-a jl_2l ^jc. ^cj 12I jJxlixdl ^ n,nlil-ix21 4 >jVi 

5jJ9 ^ja (_)1aj Lui L_9>l*JI ^9 LOSS 2*9 Ja ^9 Cj!jIj 2I £ j)A L-UjoUj . aJ Cj>1_jI£ 2 Cj^C-sa j-a 

. jUl! JjISII 


( I ) C_ 9 >lc> ^Ja&J ^g, i nj L>1 jjt ^ 2jJJ (l_j) i^x^^a ^9 ^IjJ j •HC' S — 24 L5^ 

Ajjj 2 I A_£aJI ^2 (JIa-aII IAa SJjoi <jA_I jgl'vxll 
. A_k- SJlix 2 I 4 -^.aJl ^gi Aj-ldi (ja 3^! ( l_j ) (J 2211 ^ja 
(_)222 C_9>L^ L»Oa 3 JJ ^ -V \\ c 3 ^ <213 (jc- 2 j 3 jj 

aj-qIjaII CjjjLii]! 3 I Ja^V) diljLp Ajc. Laijjj (I) 

3^0* jll L>^ L2 12jJa ^jjo 2j (_)jl£2 ^_g 9 LjjJa^C. JJJO^ 
^gi 5 jj* i>^ll CjL^jj-21 Ajjojj I^jV 4 _iaIjJs c" nxM>u LA 
.(^21 al^j! ^gAc. AjJ j-ac- c2jauj ^g2l 

^g 9 IajjjIj ^)^2ajj CjL j^aaaI Ajjuo2\j %2 cJL^ c_ 9 >L 2 l ^g 9 c2j!j2! LuHjj 

.a_uji 3 la 11 a21c-V1 Cj!A Cj>Lj1£J! 


&© 




Figure 23-10 


Cross Bonding <_Uc* ,jj ja ^g> L^Ujt c± bjgg^jt 24 Sj -2 

(> 5jj£»ll j^Ul ^LakjVl Cross Bonding 4il&Su ijljjJI u. jjL 

CjIA 4jv 12I CjljUll aaIc-I Jajjj 121x9 i CjXjUII a2c. 1 ^g9 4 H^jjou21 c2j!j21 jjj-c ( ^_l2 ^^121 ajjL^.1 Cj>LI£ 



Figure 23-11 Cross Bonding box 


jl cr ix^j Cross Bonded ULlfc* Ikjj c_221 
C212IJ ^12! jUll Jj^I jUll Ul>U cUjj 

^ c212l jtill ^12! jUll Jajjj U£ 

(jV |^laj c^^lxll cjIjIjj 1-^i ‘ 9 — 24 cJ^AJl 

120 IgjJaxJ (jc. 4 j> 121 A^lc-Vl ^ 34 ^ 

(_g^LujJ L_9 >Lx 2 ^5-1^ ^-aJl ^AXa ^Ix-aJ ^gll21j j 4_^jJ 
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.(Link Boxes) ^ li^ ^ Cross Bonding 


jLj 1-23J ^vljjoiV I CjljLlkl *L5I L_J4_2 w^]| ^_1c> adAx«a21 I3 a JU&JJ ^aJJ LAaC^J 

(j -0 %3 i$\ 3 ijf* .IJJJ V) AJvla L_9vlc. (JfL ^)LAI ^)L2I (JjjLs ^aJ j 100 -^5*^ ^9 


. (l^y (Jjj^alij])) (JaasjaA) jLj 

131 LA Trefoil ^->LjaVI (j^LoiiG i~4 j>LAI cj>LI£JI ^Ac> ^ ^aj21 13 a 

cj>LI£JI 4jjLoiIa (jl JjlSlI cjI^jaiLg jli Flat ^ji?*nnx> ^ (_^Luj-o ^Ac. <*—c_i*jjaj 

(J^lflj ( ^ 5 Ac« (J>i*_i] (Transposition) cj>Ll£il (JjaiAI 42a*j <21313 221 4j- 2 1 ^Tn^ 4 j>LAI 

^ Ul£j sjjiJI 4f£LA! c£U£ 1I Ji^V) 221 J12Lj c£U£ll ^ Induced voltage Jl 

. (Jjl^ll J>L ^gic. 10 — 24 ^ (jijj-A cjjjjjII 13a 


Conductor sheath Cross Bond 



Figure 23-12 <L2^Vl C-OIA2I ^ Jj^LuSI ^jU c . 


cabtill JjlaII ufelxlt u^aj jtj —3 

13a (> _ 5 1c' 'sll (js -AvAl 213j Single phase 21 cj>LI£1 I ^_Lm2l (JjI£1 I c* 

.bj£3 12 (Jj^aj-<AI ^)LlAI jj y (jc> ^cjLII ^ ^nLiLaixAl (J 22 I c > n^n c_9>l*JI 
* ufo > Cy* 4^_^. L_a>l*JI ^paJjL LA I (jJOAJ^la 

^A^lxSI ^al4 l"'N f 1 (Jjl*J! ^lc> V L ~ I 34^ (j^4^ U -0 (^paJjtAI Lais • 

^a 43^)121 &3a ^ 4_1^jouAI z. \jAx*a A^-aJli Cj>LI£1I c 2L 4j\jj^a 

jl_nl! l-LujIjjj LoSSeS Lj 2 (jji ^aJ (j-oj 4filiLxi 5^121 (jl iu*n CjljLp )$)* 

. ^ jU) 

AjyyJlA 5^121 fi^A 6 5^)3 4^. L_9>l*JI ^paJjL i _ 5 -^ 4^121 4 Ajj12I LJ • 

2 4_-<u3 Cy* ^3^VI c_93la]| ^A liA 41 ^jouAI 6 LOSSeS *1^3;} V 
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24-11 JiiSI l& Sheath Voltage Limiter lilLdj JiSJI Jjk. Jjj*. J* i_n* 


1 l - 24 (J^ l *tlj . IjsA £j/j] lA-ljc. Li, A \y, a ^j 3 Ajft (JjlSlI (j■* __pwVI i QjLll Aic. 

. Transposition Jl 4 jLc. 


Cross Bonded C?b!e Syslim with Trjnsp^wcl 



! 4a Ia 4-la j)^Ja 

4jmjW \* js \\ (jV Single Gore _11 cj>LjI£JI t.ajl*" 4j>njlalAxA aI^a ^IaVh J ^ac. l_l^j 

Ja^.vU liA <jaj . 4_2kj2 cAIIaj j lJivIJlU (JL^-aII jJaS ^jc. 4_^j\j 4 jj^ CjIj Ijj 1^j3 jaJ 

. (jjAj ^1 ja^11 cJa Single Phese Jl ^Jl ^ja JajAjjAll a^JI ^jl 


;Outer Sheath ^jk\\ ci^UW 23 . 5.10 

^JjoA 4 fit la (_ 3 ^ 9 ! L_a>l*JI (J^S £-Aajj . 4 m A l^J SaIa ^ja 4 fit la ^jc. SjIjc. 4 _i 2 kjl_iJI 4 jIa^JI 

aIjaIIj 4_i^jl_kll 4 jjJ! (jA 4 jjIa^J (Jj1£J 4 _i 2 kjl_k 4JLila 4 _i 2 kjl_kll 4 jIa^JI 4JLila <jJjl^ll 

(jAsIa^VI (Jc.Ujj V UjUaj^ aJaI^. SaIa (jA SaIc. (jjfL L_9>ljJ[5 ,4 j 4 laj-s aII (_£p»VI 

(jV (JjA-AlJI A^^ 1 a^a Ao ; Ul a Ja ^.9 (Jaajjaj^ P V G SaIa C±jl£ cJIaIj 4_j jjJaxll aI^aII jl CjL I^lall ^1 

4jIa^ l_9>UlS CjXjI^II IaIa^AjujI jj^VI ( 4jjLiaj£1I 4jIa^JI Iaj|j (JjaJI (JjjJ Ua ojjA 

. 4jjJ! ^ J£tJ! ^ja CjXjIU 


l_9>IjJI ^c_i£L^JIj l_9>L*JI Iaa 6 4-I^la (JaI^j 4jla* tj p-IaII^ ^aIa (JjI^II c_a>lc. u* c 15 

(^jc- l^\£ (j\ (JjjJafiJJ AjA^J ^9 (J^A ^jjjJ j AjjujI ^1 ^)a^.I 4A^1 ^^akjLiJI L_9>ljJI ^3^ A9j .^^al^ll 

. >V! 
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ASjjaJ! ^ajuJ (JjjS A-ol^JI CjLq( j>I3M ( ^2kjL^3l L_9>l*J! <> _5^ c ' 



UNITED WIRE & CABLE 
750 V 70’C PVC VCT 


Figure 23-14 


: 


L_ui S^lc- Ail jSjJL 

.12-24 




Figure 23-15 Rain Shed 


Aa^.jV<A\ (^us^lW (_a\^\a\ 23 . 5.11 

(Jjl£ JaJj JU£~ ^21) CjvLli-sajoJI cilL A_i^jl_k]| jj]( L_aj^ia) 

aJL^JI ^£9 . Aj(. _ 9 ij^iall 1 ^ >>j » ^ UjSj JWLj Ja^J) £-* 

(JjIjlSI ajI] R3in Shod a-loiajoJI (JiLa Uj-lg Cjj& 

.13-24 ^ US 4 a^Ij jU^Sn c> 

Aju ^.VVuhJ L_9 til 1 1 A £^9 4 A^JI A_xu9 ^^Ic. Cjljjauuil]| JsJlC. iJ&jjjj 
33 >j 6 CjUauui 3 Ajl* ^Vnuj c_a cil 22 ^4^. Lmj t Ajjauui 2 

^jC- (Jjj^alaj ^JaJ 14“24 .CjUauujj 4 Ajl^g L_a cil 

- A L x jjll c 3 a 
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• • 

A 

i XG(phase-color tube) % WRSG1 (sealing tube) 

EP088 EP089 


1 

:v WRSG(msulation tube) ®JF(3-hole breakout) 

EP090 EP091 

w 


®YRSG(stress control tube) ®SQ(three-hole rain shed) 

EP092 EP093 


$ 



EP087 


cable lug 
sealing tube 


phase-color tube 


rain shed 


insulation tube 


stress control tube 


3-hole breakout 


C£OQ(single-hole rain shed) {^(installation accessories) 
EP094 EP095 


Figure 23-16 


□ 
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* 4_^ljJ C£L\£U 4^j 4<]I ■ -^oj 

(Jjladl 4_-ajliLa tj <Lo_jliLa — 1 

(Inductance ) JjISII 4jU-« -2 
( capacitance) <_JjI£]I k*^ -3 
. Jjtsil JM' J\ Ail^Vb “4 


Conductor Resistance Jri 0 £ll <W$y* 24.1 

Al ijJaj c^lLuoll 1 v fi3 jjj j c (_£^J ^Aj 5 (j>a 4-djlJL<AI ( aII^Jij t R J)>^)]Ij l^A J)>ojJj 

^A A^ajULAI S-I^jij 4 4jC^AI 4H>ajUL<aj 


^jjjjujLajI ^A! <-AlA . s^LAI CijIA]! ^)LniS 4H^jULa ^jc. t i?\" ^Lnil (Jj^aj-<AI 4_*jULa j 

! LoA 

4_La 4_i2fcjL^JI 4Aila]| ^^9 (Ju^aj-<AI (J^l^ jjj-aII ^1 ^)l_n]| (Jaaj l~n*v Skifl 6ff6Ct 4_3jjaifl]| S^aUsAI .1 

4_2k^)juO ^_UjJ L£ 4_joiAJ (Jx-aj^Al (_)^A^ jLnll ^juJjialii^AI U^J 0 ^ C-AJjuJJ cAlAj 6 AojuJJ ISjti 

. ^ CJvL^aj^AI (jc. .ViC. L_)IAI ^ 


1 \a ^AjI^ «^4c. s^aUsAI ^Aa Liijjj Proximity offoct AjjjLajAl s^aUsAI .2 

• >!>U ^ouLU^A) juji 


. ^qjjoixAI jLniS ^Cla jULq ^jc. jLnA (Jj«aj-<AI 4 _a jULa ^^3 S^ljj (jlljiLLuAI (jlj^AUsAI c > n^nj 








j$\\ 4jujAA ; £j| j]| C_jU£]| 
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Insulation resistance 24.1.1 



Figure 24-1 


Aj^k aJ 4_jli (R = 00 ^ 4JaI^ (Jjlc. *^>r s l9 ^»A*J |^laj 

JJC. iS^) (J4J ^4^ (jp 

^ lAA cjjjujjj ( ^ JJJA (JjAj l£) qU^-a 

JJC. IfiJ^A fijlikA ^j^AJ (_£A]| J3C. ^ CJJjolLq jljj JAJ A^^k'l 

^ Iq jljj LjJJjujJJjuj IaIj c 4_ajULa j *A *» 4_j| (_^l jjAJ 

(J^jaAL ^jja ja Ia£ L_9>L*JI ^1 (Jl'N a\I (^AjaC> 

4_AjUa] 4j^jAj Ip jLj CJjjaAjJ 4 jljoj 4 'Sjn 1 —25 

4 _jj|^j Iq (jjjj I (J 1 -a!1 jUJI <_ajajj . (JjxJI 


^9 LjJJjojJA jUj 4jA] (_£) La^AjaJ (Jj*JI U_9^) Ia trol (j^£j (jl L-lSbJj (JjIjlSI Afl9 

I a] (Jjl*JI ^9 AAflll (Jjlflj (J^aJI C5^ 4^^-jV^-A 4 _iajV I 4_ajIaa]|^ R 4_iajV I 4_ajIaa]| 


lASk 5^1^ 4 AajUa (j<-** jljAkl ^aJJ 


(J^-ojaII <jjj (_gi jjq)a! 4_ajULAI (Jjc- (JaI 

I4jjV1 4JaI*_a]| ^ja Cj>IjI£I] (JjjtJI 4 _ajULa 4_aj9 ^Ac. ^j^AJj 


^ms 2ln ^(^/ r o) 


ohm 


.(ohm.m) J>J) saIa 4 aajIaa 

" P 

•(m) (J^Aa 

= / 


= R 


= r 0 


(j^AJ dlia> Cjjjl_il^.Vh L_)l_AI IaA <ja £j|^)]| J^ ^»o\l ^3 (J^aJI 4 -ajIaa ^ja Ajja As»^jj 

CjjjLilklj 4x>j a~n a!) 4jtsJ^A 


Cable Inductance ^^24.2 

cdli& C)j& 1 l> t 4-bJa^V^ cjXiIS]I ^9 4_ij 1^1I .lijjU Inducton cg 21 cjLm^ i3jb j ^I^^HluI 

jjibj Skin and Proximity Effects 5^4,U2I j2b ni,.i ^ 

(^£-J CJvL^a jaII jUaSL 4 AjUa]1j 5jj» x^i CJvLx-sa jaII 4iLaiA]| A^-aJl 4 ^^isWa 

.4LU! (JUaI ^j^Aj V <^a 

.4^j9A ^)2C-j 4_A*_j^a Cj\jLa^JI AjC- IndUCtSPlC© _SI (JaIjS (JjJaSVl (j-^ 
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— (J*a\ -\W l_j12I 

(JjUJI (^Lujj 2j^I k iu*n Imill s^aU 2I jjjb (JLoaI ^JUJ! -sti c£U£ ^gk 12 

L_9>l*Jlj 4'jnojj ^aJJ ^^gjAaLxi l 3J3^ l$2al_^J a\,^»o^\l cjjiai ^jj CjXjIUI 

6 4_ii£JI 4iijlx2l ^Ac. 4Jaj)*\^ jjJjj Cj>Lk-a^2l MutUdl Inductance Luojj 4-ijAx21 4jilc.Vjj 

. ^ax-21 cJivIaJ) ijf* 4^22! c2jjj12I jUjc-VI ^k AkVI ^aJJ AJL^JI £>AA ^gkj 



i£L-aj21 *± 4 } cJ£2! 4 jj^ <2^21 ^ c^USJt cjX-aj 2 Inductance J 

.(2-25 cKb) 


L= 

°- 2 6 

+ In- 

r 

^ mH/km 

LI 

= 0 . 2 ( 

- + In 

^12^31^ 


V 

.4 

r D 23 ' 

L2 

= 0 . 2 ( 

- + In 

^23^12^ 


V 

.4 

rD 31 ) 

L3 

= 0 . 2 ( 

- + In 

D 31 D 23\ 


V 

.4 

r D 12 J 


2 

Jk 

/ \ 




J 23 


\ 


\ 




°31 

Figure 24-2 


Inductance J] 4L^ji4l 4_*uallj 

Ltn = 0.2 Q+In^f) mH/k 


m 


.Cj>ljL^a^]) J)^)>q A\ n2i ^^11 Ax ill Jojujjaa — D n 


D m k ^12^23^31 

LI = L2 - L3 = 0.2 Q + In£) mH/km 

J! aAA ^2 ^jl VI 6>lc'I 4in21 cjV-2*-21 ^Ia^jjujL (goL^ Reactance 21 l-iLu^, ^2 f^>H 3 
^aJJ ^21 ^a-21 ^A Cj>LjI£JI ^gXAx^A lAjJL^aJ ^21 Cj>bl£JI (JjIa^ ^^AxJI Inductance 

-1! 4_iLt41 4 »o_i 41 4jV l ■ ^ Cj>LjlSil ^24 ^3 Cj>La*a^-41 ^Lo.. JV ' MILj t^jlc. 

121 La l^jJaxJj 4iidVI 4j_lJ Jajljjll ^Liajj (_3>L*JI ^paJjLj ^_9 a ^4" . ,■ 41 4 L\U ^_L- .lo a x j IndUCtanCe 

.V <U Jjtsil 

0.08-0.24 ££3 c£Lj1£U 4^^11 Inductance _I1 *lojs <L4£. 
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j$\\ ; £j| j]| C_jU£]| 


Cable Capacitance JrflSJI <UM24.3 

L^laj c t(C=C|/v) a.^'V LgijjuJLq (. 1^\x>^j ^IlS! 4 W k till 4_iJ^£j| 4 jljoJI 

(l_i1a]|) JjISII (Ju-aj-G ^ (. jj^Q tilU& (jl ^LjoC-I (j^AJ ^aJ (JA J ^ (Jjlc- 1 *g^jjj ^jjL-a j-g 

. (jaj j jll 1^J..Q3M cj>Ljl£j| c_j^jjj cjUjj^g 1 x>»jl Liijjj i (sheath ) c_a>l*J]^ 


c_9>U-ljj ^-gII (j jj 0 4jljoJI (jli (Jj^-a j^g]| J^LLg]) L_liflll ^5 (_)jl£j| 4JU. ^9 


27T£ 0 

In(R/r 0 ) 


F/m 




(8.83 x 10-12 F/m) ^11 4^1^ = £ 0 
. (J)*J) S^LJ 4 jjjou1! 4_i^UujJ! = s r 

. (Jj-aj-GlI ^}la3 (. hks-\\ = TO 

.Ul^UU = R 


^\ i ( C s ) (^jiajVjj L_llfl]| 4 jLjuo]|^ 6 (Oq) L-lls 4 ajoJI jli 4 jJ>\j Cj>LjIS]| 4JU. ^9 Lg) 

.3 _ 25 US cjj^j (j^ajVI (jjjj 1 ^l_j^19 



Figure 24-3 


i Aj^aj (jjjJ CjXjIUI fijiA ^ JMI &Uj! j! i~n% 6 Cj>LjI£JI 4_*_joJI l_jLoi^ (j-G 

.<J*\M ^jc. 4 JUJI Cj>LjISH 4ajuj (JJJ3U ^aJJj 4 (_£)Ja5 


:4jjV) 4U*JI (j-G CjXjIUI fijiA 4 ajuJ 4_njj^j 4 _aj9 JiUjI ^j^gj 4JI ^SilL 

_011l£ z _ 

a 2 (3R 2 -a 2 ) 3 
U r^{27R 6 -a 6 ) 
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(j^al^^Jl) (jj^>^*-^J O^Ul! (Jj^aall — (J*a\ -\W l_jU1I 



du^. 

.(mm) (Jj^aj^l ^las <, gx^>'i = rO 
.(mm) l-jL^J) jl L_a>l*il ^iaJI <, h^\ = R 
.(mm) cS%^jJ\ jjj 4i VuxA\ = a 




I JUI24.4 


SJlC-ls "l-Lol^. Jl ^ -Jl ljlA al^jlj ^ jk filial lx * JL^q 4ic> ^cjjj Jx-ajA ^1 ^9 ^jj^^ll ^Lnll 

* " <^*JI Aill 04 a19 

JL^»a]| JalilJI (jV S^ix-a3 ^^JaII ^9 Cj>LjI£JI Jl^lal (jj£j j)l LS^ (_>^>^l L_L^Jj 

j)^AJ 4_}li IjjoiJaUaA ^jojJ IjIjj Ja^ Jj^sja (_^l j)l IaJj . Jjl£j| J^la <■ t U hUjj ^ x tlj^LlSA j^£JI 

1 ^\j)o3M Sjj L^aII CjI.1*_a]I <_5^ c ' I-Jja JjJj IJAj ha~\\\ j! IjJsjI 

.a Jl 4jjUJ| (Jjj^ajj ^ Ljajl 

1^j9 jaj 4jjoLiSal*'* Jl jI^aII <jV Cj>LI£]| <-8\\x ~i ^ 4 j t ujU \* * j|^* ^\ ^l.lVunI i. i^j UjLoj Ia^ 

^-aJl CJvLl^ (jl Jsl^vU liA j)Aj . Jjl^ll S;J^. JL^-aII jJa9 jjC- 4_^jlj 4jja. CjJIjj 

. (jj-ij ^1 ^iLjj Cj|j Single Phase Jl ^-^Jl l^yA JaAjjjJ-.il 


A ol" -v ^ CjVU. (Jjl^ll ^jl-a. ^ ‘ "J^ 1 ^ 1 * 41 (Jl. Jl Sj3 (jjj 4-jjlJL. jJ i^j 4 25 (J^jjjilj 


Single wire 


Two parallels wires Twisted wires 



Figure 24-4 * q H' Aij^jla ‘ _ u l '- JjISII ^ jla. ^^-uuialji-41 Jla-41 Sj£ 
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j$\\ <LulAi& ; £j| j]| 


JUI24.5 



+ 


(jc. SjUc- i flV^Jla t Sac. ^ i_j2j£aH £_a 4_jLjjjj 

4j*y* a CjvL^aj>i ^ic. ^a JjISII c^W.^^s . (Jjlc. 1 a^ nj a 

AaJ jaIuia jl_nj < tfVCa'l 4 _jA*j AiC-j . <Jjlc. 1 $jjj 


• 4 ^\1 in ( t t^ l l ^ 

^ 4A^jui <._ a^Jallj ^^111 

J! 1 aj £>l_ 2 kj! I 4 ! s^a 4 -Lujo|^j Cj\jjjj£iVi <a]^juj . ^4Aa Aj^jola 

. "^j^t JM'" 



Figure 24-6 


la! C5 j^ 4 ^ 4_Lkla i"vWj (^1 Cj>Ll£Ji ^ ^^jjJ! u^j 

( ^ 5 _2fcjL^j ( ^AA.laj ^jjix^aj-a (JjI^JLj 1 n^\°l ^aLuia jLnj (Jj^aj 
(_)jl£j| ^^^Ac. ^ ^^ ^j>£j '^> l 3 j ^ 4j1c. 2 $^ajjoa (Jjlc. ^4^H5 

. 6-25 (jj)^ JU1A C fll^A 4_ll^J 

£_J^)J 2 J ^gic. J*^ JJC- (JjI^I! (jla aapAll jLnll £a ^ 5^3 

!a& ^^Ac.j . Ia^. 4_Jlc. aajjll 4 cjjuj <jci-u^. AA^joJI aa& 
-< flJ^A 4jl$ JJjIa jLld 4jjA*j Ale. <jjfij 


4AjIj 4"iAja ^All JL^aI! 4jL ^AvmaII (JW a! 1 cJijjuj 

Sjj» x«Q 1 A^ nj AiL^lj *JJ1 A^’WbulA ^j-pjj!jlu> (J^A. ^A 4_llc. (J^j^AJJ Jalfijll ^JA^V AiC. 

.AjILuJ 4_ijlA]!j 4_1^^A JjVl (j^ 4 W )AAI jI^AA (JAftij (jillj)^ JU1A 


^jjj (JL^-aII vlj^a . cL^jVI c5^-9 4jjLoua Jl^ A\ SAoi aIslIIa]! (JL^-aII ^^a 

! (JaljuJ 4 _jjLoiIa ^Jl^ All SAoi 


E = 


af 

At 


t jIa/cJj a l_j JL^-aII SaJi E 

cJ^allj a^JI (jja AV 

. jIaIIj ^jjj AiLaiAll Ax 



















^j^al(jj^>Aa»JlJ (JaaI^AI (Jj^afill — ^ji\A \W l_jU1I 


Electrical field 6 ^ 24.5.1 

(Jpj *-Jj c v/ m JUaI! SJLuo ^ t ^ Ull C^llj Juu ^Ac. Ia^juoAa Jl^JI = aJoAj .lie. JUaI! SJLuj 

^)jJa]| X \\ Ajl (JL^-xAl S^JOI ^JjjIjAJ ^LaJAVi 



(Jsl ^A Ia <. 9JJU (j! 1 IA^ C (J^aJI S-l^a* C5^ 

.(_)jl£JI (_)^I <1 (JI^»a 1 ] SJLuj 

sajui ^ x^i^l jli 7-25 (J^joAI (j-o ^a Ia^ 

IA] (Jj-ajAll ^Jajaj .He Jjt£l (J^l.1 (JI-^«a 

. (JL^-xAl ^jA-iTi! L_i1a]| (J A \kS-l JA A_ul AS)l-i w‘n,n 


He (JL^xAl S-Loi L_Lu4^Jj J£jJL ^LjJa^A ^A Ia£ ^1^,1 ill ^J.1 xa]I L_9>LiJI ^Jajoa He (jj£j (JL^»a SJjoi (JbI 

I AAvL*JI ^ja (Jj^a^All ^Jsajuo 


E = 


V 


Xln — 

r 


ji Ajj.1a]| Hll^aJI He JUJI ^A Ia£ 4 Wl 0 ^ ojjx«aJ ,1^-^Jl ^jaj (J-Ijla Sjjjln'V 4 AjLoJI aJiLxaII ^ja ^jJalj 

(jj£j ^ (3^_5 6 JM> (^Ac-Vl ^a (j£IaVI ^Aa u j?^" k * AajLoAI aJ.iIjla1] IajAi AjV c_a|^laVI 

. j£U^I *Aa ^ J>]l aJU 


: (^jVc- ^JJ^W ^VA\ jajIs 24.5.2 

V AjV t jAx^3a]1j vLx^sIa LAUa (JjI£JI (JjaVI ^»ie aJL^. .i^ja IajI^ (JjI£I] Jl^J! 

S-lhj aJL^. ^J 4 (jjajjAl! L_9>l*J|j jLilil (JaL^JI (Jj^a jaII ^jjj ^ ^ ^4 >jVi Liljj ^)l_n]| Aajju 

^ Sjjjjoj ^1 4-x^)3 laJ < _ Zjjui JI^aI) ^jjjIj ^jli ^xAila]! w \\ ^jc- 

.lAAjc> JWLlj ^ Ull fi^A (_gA| ^ ^ JM> Aai^Jaa> 

AjI^j ^ja ^IlLl (Jj^ajAl) <- > A -v -vj (JjlxJI i * A -v -v ^ja ^j-sa3 ^ajjj AjL^j ^3 OldDCl (JaxI Jlioj 

JI^aI) ^Uajjl AjjI^aLujI ^aJlO ^Jl L-jLa^Jl ( a J^a2 Luj^^ ^oLuJ (Jj^jMI (J* -v \ C^llAj 

. (Jj^ C5^i j-<A^ Ail^ cjA^ ^ n^i 1 j 
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jill <joiAiA ; £j| c_jU£]| 

^aJJj C^l^iaVI Aic- (JjlSll jUaC-V I ^ A11j ik! Jjl£il Ajlgj L_9^Jal J-aC- AaC. j 

4cj^ Ujj^j JJ&j jl^VI obl^yi Alb JJaa] Stress Control Tube c-^l AiLbl 
Stress Control Jaiujall < j?jgS" *Li_^j| <. i?j^ 8 — 25 J£22! ^ 4_^Lai^ ^^ic. 

( AaA^J j ^Uajj) Ja^vL ATube 

** 




.. 


1111111111 


jj^j' 






x. 


"T" 


€D 


(JIaSLJjujI AxJ {JLa> a!\ 

4j1^j (_£p») 5jj*^o AILaAj .4j^iaV( 

Stress Control _U 

. Tube 




Figure 24-8 Stress Control 

(J^jui) 4^ajuj (j>4 Ajjj] LS^ 42ajjail L_u£jj <-- Aac> aA aA j 

.(9-25 


_ _ M 1 

ill 

y ■ 1 <| 




ii "* ii “ 

n-’ 


Figure 24-9 


: WATER TREE £^ 2A\ 24.5.3 

LojjujV — ( Water TreeinQ ^ ( ^jLAI >~iMl s^Ua <^13 ^.^jj (Jjl*.!! (J^IaI l-jjjAa 

CjIpjAaII JaAA AaC- S^Lj (Alii (jc> ^LiAJj _ (JjAxaI ^AC- ^Jojoj lil 

CjIaL^jVI ^jaia JjISII c34>?i 9 <> . \ Ut ^J sv^A^Vl 1 a& ^ Cy* (_>2-aVl Aac. AAlaj 

Sjj)troll .J>J( ^jA^-aI C5^i (_)^J.3 4 _JL_JJjuoJ ^ joJI (Jj-o 

.CjI£A 1 ^ajl k ^A \K l_jLa1I I2& ^j-q AjUjII (Ja^aII 
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Loj-aC. CjljlilkVi aAA . t&^jJLaJ Asu cillA^ j l^lAj! Axj CjjjlilkVI <j-a AiAail CjvLjI^II ^t^Vi 

:oUa jjJ Jl 


Routine Tests. .Ajjijjj c^Uia.! • 

Special Tests. .A^U. cjljLui.1 • 

Type Tests. .Jc._a • 

Electrical Tests after Installation. .i_jj£a1I a*j L cjljLui.1 • 


J^Uj International Electro-technical Commission (IEC) AJjaII I a±^\ c±a li % 

1^j 9 ( JlII jJjUaj j ~ . .■ JjjlII f-j] UuJa till j ij Cj>Cl^li f-ji J£J I o Aa 

^Jjlj ojl^aJI 4_a^p Jibo I 4 J 5-oj>UI Ja_jJoll^ jl y~,-v\M ' ^ajl i_lj‘ CjIaj^s J4I o^A 3a<Jj . Cj>CI£]I a^A 

. jLu^J J£J ~ ‘w",..~ 4_ii*JI ^_jjj (JJa^ 3 .v'w",., aII J^jl 


lAJ j $j IEC ^l]l Cjllh .all ^9 oX,l£il ^'Jl i. fllia CjljLu^V 1 (Jj^jlij Jl 

IEC: 55-1, 141, 229, 230, 502, 840, 885 j 60228 U 

4laljjjV jj-^VI £j]l Jc. Iafl9 jJJI Jj J c djljLuik .21 fiA a (j-° (J_$VI 4j>tj]l dllc^tta.41 Uu^jo, Ua h 5 

. ~ tj-ujl 


25.1.1 

(JrjflV'i Cj>LjI£JI aAA (jj\ A^lill iAHAj 4»u^a1I Cj>LjI£JI ^Ac. I aAA yh 

30 (j* 4 WoaW ^ cjXjIHI cjljljik! 4 jjVI cjljlilkVI JliixAl Jjjjuj ^i*_a .^L^lL-all 

:IEC — 840 4jL^ajj-all \&\b cillAj C_9 ^1 150 til 




.(Partial Discharge) £j>&II jli^l 

. A^J) jlilkl 
.^a^I U^i jU^VI 











CjIjI j (Jjj2_x 2I (Jxxa2l — (JjxgL^JI )\ i\l 

^4^. iS^* cs^ <•—^>12 S^LuJjj cjjjjuJ) ( jjft lb CjXjIHI AjjouIIj *Lmjjjl) CjljlilkVl 12 

11 EG - 141 4jL^ajj-all \s\b cJi <2 275 


. (Jx-aj2l ^La^ULa j)\ \ • 

.4jLx21 jUl^l • 

. Tan § 221 (J-qIx-g ^ \ • 

.JUJ) jUj2J • 


:(22jlji\\ Ca\jVi1jL\) Cj\jViI^^\ 25.1.2 

0HxJ! Jjl2l! ^yc> 4_L22 5^2 CjLnaJI £>2 a <jJ l3j 4 CjvLjL^II CjIjjc. CjljljlkVi 62 a l£>?^ 

. jln2j (J2l I EG 21 CjliL-saij-a ^21 Jajijjaill (Juin <32^2 Cy* Sj.w<a (Jl^lal 6 


30kV (j-o 4 nfl^ll JJ)^>^ 4 _jj- 22I Cj|j> Cj> 2121I es-^ Ujl^.1 l_l^J^ 1I 4 kxal^JI CjIjI 4J2J 

:^LU IEC 840 21 U2a 150kV 


.(Conductor Examination) ^-a^i • 

. (Jx-aj-21 4^<a jULa • 

. 4j *Q» 2>U1 4jilc«V!j J>ll i4,cuti ^jjj1_2 • 

. <2\ l_ 9>U2I c^lx>>ti • 

.jUaiaV! (jjj2a • 

jApV! Jalia-oj XLPE c2j2l 2I ^jApI ^^21 (J21 Hot St Tost (j2.lx2l 2xxa21 ^)lja 2 j • 

•EPR u4“jjj 

.HDPE ttl&II J \t <jAAI ttl&II ^Li • 

^9 dij^llj 5|1 aAI^ cjjAA) 4Jc|J)xAI Cj>LllS]l ^_ic. Ujl^J ‘ -^]aAl 4 1 ^>1 -kH <""'-vVi tA 

IEC—141 J UA=J 275kV ^ ^ 

^Tan 6) AmII (_i^lc. • 

. <J^*JI (jLal jliiA • 

.Hot Impulse Voltage Test <ji.UI ^Al ^1) jl^l • 
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jill <joiAiA ; £j| c_jU£]| 


25.1.3 

t^Uij cs^ L - J £y* 02*-* j! (JjS 4_ac> ^1\ CjjjLlkVI c-j^l ^JJ 

Li CjjjLikVI ga^j ^La3( jI^jI 5j_gjjJa .i^jj V^ . $JaVI cjUILi^j ^Ic. gAial! (La <jl ^jLiJ 

4-C* 1 H ^7 ^ a A^w.^11 A[^<iH jl ^xLQj^ajll Cj^JJJAJ (_|a 3U ftS IaI VI l&jtl^l A3 ^A 

. 4_jIa! ^ic. jjJj as Lo>i 

3()kV (j-Q 4 a 34 -^L] 4jja 1JI cjLL^il cs^ ^Jb^i c . 4 jc^ 1I cjjjLikVl £>a& 4_1ilJ (j-^j 

:(IEC 840) 150kV 



jLlkl 4 * f\\ ^gjj jlilk! • 

.(tan 5) a&]I J-alc^ (jjoLa Jif^\ • 

. jjJJ&l] (JJjLs jLlkl 4 jUJJ ^JJ^juOJ Sj^A ( *_-Q A^. jLlkl • 


aAA (jl j£a1L jjA^j . jj-q 10 (jc* (Jaj V CjLLI^ (j-o CjLjc. dsljliikVI aA^j ^LaII ^jj j 

. 6>lc«l ^jAaI! ^gjalsul! LjJJJJjIL ^aJJ (j\ C_1^J 4jC^jH CjjjLlkVi 


<UaaJI ,-U-l QIjLh^ 2|£ dJdJAll £di$ll QljL*^l25.2 


igj^l cJ3 . jUillj (Jji (JjI£]I 4«o>l_ui j£til] SjJiL* Jjl£]| ‘. '^f' *■■ WC- Ujl_)J Jl Clljliia.YI eAA 

Jl dlX-^aj jl 4l 4_L^a!Lo djl_u£jj t" vW" jl Jl Xr-1 4_I t" vW" sjih ( 4-q^_Uj Jjl£]| 2 jyyz c-ljjl dlljlliS.VI aAA 

4«o>l_ui jl SjjAaJI CllljSjJI 4«o>l_ui (j^ j£bJI J AC-luii CjjliiS.1 (JaC. Jl Ua.liia.1 cJ]j Jc. t—ijjpLlj l 

. Ajl^oj JJaidl AjALg J}£. L^jj ji Cj>L^^]I 


^4 * '" -'ll Cjlft. JJI Jc. i_i5jJJ CjIjLi^VI --1C. J djljLua.V I 

4^jVl jLui^l 


(Jj^ajjJI 4 jjJi1luI jLui^l 
J^a^all 4-ojlio jLu^J 

Cable Capacitance JjI£JI a*^ jliii.1 
Sheath Test JjISJI lJM cjljliis.1 
Cross Bonding Jl ojUii.1 

Earth resistance measurement of link LS ^=j)l\ jliis.1 

boxes 


eAA 


fAli 


.1 

.2 

.3 

.4 

.5 

.6 

.7 


zero & positive impedance a^JI ajuUJI^ ajJ^II A*jUJI ^Li jli^l .8 
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(Cj5U£1! CjIjI qj^jujJI j ^jjjjLua]| (Jj^aJI — ^jauiLiJI ^ il ill 
JjjJI jLai£j| .^ *n jliiaJ — (J<aVJI SJlo jlilkl — JjjJI 4 _ajULg 4_xu 3 jlilklj JjjJI S^a. CjjJlkl .9 

( Tan 5 (Jj*JI jJ^I 

(DC, AC, or Very low frequency, VLF Jl JUI ^A\ jJikl.lO 


. CjjUlkVI UuSj 


Phase Checking jUiiA 25 . 2.1 

j c Jj-aa* ^1 Jjjjuo jj£j -J 4 jjlL Cj>LjI£ 1I ^^9 CjjUl jj£j jl Sjjj jJalU (JjJ 

. Phase -R Jl ja jjWJI ^ phase-R L jSbll jUikVI IJa 4^1 Ua 
S)j|JI (Jdatjuij cjjjjj j n^v CjjliikV! ^ J^> 4jIAj Jj 9 4-ajVI 4-a»x-a JjjjjJa jliikVI IJa j ± ix - 1 j 

. Jlc. j-^-a3 jUj jjj- 4 4_ajVl ^ Uak ^ 


6 1 — 26 ^9 4jJaj^}JC- 4-2 w^VI Jjjj S.^jar Jl 4-^.aJI (j>a 4 jJojjIj 4lax x\jJ 4_2^]| ^jjj 

^jajjJI 4a^J I^Ax-a ^Loj ^Lo^UL* sjji ^Jaxj (Meqqer^ Jl j j ^ I~\j>i ksi phaseJI jl^ IJi 

^ jjuj 4_Jlc. 4^o jULq 4_xu3 IajI^ PhaSeS Jl 4 jAj ^^Jaxj Ixmj 4_^]l (JjoAJ jc. ( ^jJajVI £-9j IJ 4-2 lc« 4_xu3 ^^Jasu 

4_^11j >L^aj-a ( ^jJajV I jl£ 



-''' Y 

B 





Megger 


Figure 25-1 ^jVl 4 ^ jblkl 


1^3 (, V ^1 sjnVi ^Jl 

j-a 4a^]l 4ijua ^2c> 

jUikVI IJa JAiij • j jg>ll 

vj U 64_ajVI 4 j5j ^^Ac. 

j l j-\ I jaJ 
V Ua U CLua. 4ajVI 
. (Jjc> 5 JjoI 


j\_lLL\ 25.2.2 

jjj-aJJ 4auu^a JlJ.l^J AJLa, Ljajl ^Jl^UjuaJ j jjl^ll ^9 ^Ja3 ^1 j£tJl jlUkVI tJli c^j^l 

Jl -^3^3 4JLa, UluiV cJljlal (Jjj^ajj ^aJJ LqAaC' <^J^3 CjUj^JI (Jj 3 1^ x>>»J 4_ajVI 

. L_UJjJI ^ UaaJI cjWM 4 jjI^J| jjj^ajJI <_ajjJal J-aC. jj3 Joints 
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A-iJJ^SlI j£ll ; £j| jll C_jtj£ll 


4 l~i xxi Jj 4_-a jULAI 4_xu 3 4_^_a. (j-a Shield _ll t^Wxxij R Sj \.fill (Jjx.ro jj ^jj R Sjli .Ij, wM JllLaS 



(j-o Shield 2J R 21 (jjj j'sjxAl 
2 — 26 <J^ ^ La£ c£p*Sn 44*21 
4_^jUL 2I SeJjii dijl^ I jli 4 
^^-Ic. J^ja ^jl til 20 Jj 0 2>* 

ScJjS C±jl£ )i! L2 4 <Jjjj.XLlx.xiV I 
(Jjua ^jl 1 jxj^ 10 V2-a 4_illc- 4^<uS 


Figure 25-2 ^j'I jUikl 


(JjAij 2jj2Li. ^^ic. tilli 

C 5 ^ ^JaS i 31 CjJUU 


. CjJlill (Ju^aj-21 


j.^c.ljtxi^\ jVilW (^.juo y\c\ jViIaA 25.2.3 


DC Conductor Resistance 


jLnll (Jjx-ajj (Jj^aj^ll 12 a 4 x^fl^, ixt 4 _ijj^^ 4_-qjULg (_£J Site* <Jj-aj>2l ^ix-aJ 

L. Uxi*\ l^J ^^ajolaII <^ua!I j^jC. ^40 ^j-q JlStiil (Jj^-a^ aII ^LqjULq ^jJ"<1 2ljV till.ilj Ajjj^SJI <lUalJ 

^Ac. (Ja*j Losses cjIjjaLo!) ^ till A ^jc. ^cjjj C-Ua. ^<-iigjj^£Jl <iljji]l 4 j» 11) I EC c2gx«o J^q 

^ s^uxJI (Current Carrying Capacity) jUll Jjlill (> ji^jj jjaw jij 

. SjaLoi^ 4 fl x«oJ (Jjb-aj>2l l^-La^JJ £j\ ^j^xu SjJ^. 4_2^jJ ^jL-aSl 


I4_2t2l <LUJ! (j-o A 4* loflxt 4_a.Luixij L 4ijla (Jj-a(^1 4_^jULa ^L^jI (j^-ajj 

*-'7 

mQ JIj (Resistivity) Ajc^iil <La^liLail ^a ^ ciu 


JvL^. JajjS j-a"l..i.all jl_p]l J w", ,'l ij . JIa ^jc- (Jaj V d 'J* ^ Ja-a^a (J^ 4_aajliLa ^ajjj 

^ 1^1 Mr" <ij 2 DC Current l y*>j ? ju <_ 5 ^it 4 Micro ohmmeter jl^. -i ^‘...i 


: aJUI a£LA\ 4-ajlAaiil 


ULuajJ ^ ~'J.' MaljULo]! (_JaAj£ 



(Q) 


20 C 4_^p V'f- Km 4-ajlAa l^laa Lima ^jt y L V1 ^[jji ^ajj 


R ( measured) 
L(l + cc 20 (T -20)) 


: a 2U1 AiXJI 
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(Km) JjISU ^1 J>3I 

( n/Km ) 20 °C ^ 

^ “ ^ ^'jj 4_2w^] 2 l <LojliLtt] 4_j_gliL<i]l 4-a_ifill 


: L 

^20 

: R 


a 


20 


a _i. i-'illj j 20 (7 ^jc. 4 -a^IaaI (J-aUt-ftll 

0.00393 = ^ 

jlilkVi ^JC- (Jj^3Ja 1I A_2^p • ”^ 


. IEC -60228 U^\jA\ 


IgJ ^JAuJaII AjAiAJ 4_JuaULa]| R2O Ajjl&A ^aJJj 


Z 4ij\jL-2l (jjajiij UjU AC Supply ^l^Vnul aJI^ ^9 AjV (j£jj)jjJa ^aLua!) jl_£ill (jl 3a^,Y 

. Reactance Jl Jl AiLbYL aajIaJI Jaa 


I, 

R1 

*1 ■ 
Vi r 

" Y1 _ Y Phase I , 

V 2 *• 

< B Phase 

I: * 

^ D 1 





Figure 25-3 oM 


(Ja 3U ^a^AJ jliikY 1 

cj>L^a^A]| ^jx\~n ^ic. (Short) 

s—9jJa (Jjj^aJJj 5JU*_2! Ajlgill ^ 
C5^ ^ (j^4r^ LS-^ J^J ^4^ 

:3-26 


^slj] AjLj^Jall (JjaAiJ CjLujUaII jl*Jj R & Y UJ(^ ^JajIaa ^axq (jAAJ (j^ 


jlfl 4_1L>J! 


C5*J 


: (ja 4_2wj (JS AajIaa LjjLuo^ ^aJJ ^aJ (R&B — Y&B) 4_2kjYI 


c R +Y )-(Y + B) + (R +B) 
2 

y =(/e +y )-/e 

B =(R + B)-R 




,Lua) A ,>>o-v 4ajULq CjI3 (j^£j U' c Ajlfl SJlu_2I Ajl^jl! ^9 (Ja*J cilvLoil ^aljl^ILuol aJU. ^9 

> AjujIaaSI AajaII (JA cilvLai) jj--ia]I AajIaa ^)Ja L_JL^Jj (Sj_U^ ^JoAa 
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jill <joiAiA ; £j| c_jU£]| 


(Cable Capacitance) ^V^\\ j^L\ 25 . 2.4 



I 43>L*JI ^ ^ (J£l Ay.,' i.'. "^" 


.\ C„ 


\ _ measured 


4_li£JI AjLjuAI 4jujULa]| 4^<uft]| 


c 


. measured 


jl^JL cJl^la ^aJJ l~ n«v . (C3p3Cit3nCe ITieter) J)l^_^. 

(pF) JU^J^ S-l^J 4 jljoJI (JjjIajj .4-26 L&JI (_5^ Lo^ 



C apacity nee 
meter 



Figure 25-4 


jLj qa jl A\<z2j l^laj 5 jjj£ 4jjlx^ajil 4 -IaA) JlaJI Cj>LI£ Ajuuo CajjoU^I j 

***JI c_aJj L£ [yiVi* taLud Jjdl ^ ^[5 (VAR) ^SUi j^}\ 5;^% (Cherging Current) 
(Criticsl Length of Ceble JjISU ^pJI JjUl) cjXjIU! J .viun L isUJl J& 4iL^ ^ UU 

. (JjjLaJI (_Lq|^x1) ^)laj 4 ^ 2 wj (j>& (JjJaSl cillj) AjljuoII 4^<u3 CjIb Lal£^j t 


DC Sheath Test ^a.j\iA\ «_a^k\\ jViiaA 25 . 2.1 


4JL1I3 <jjSj ^(Armor) (JjISJI ^jIuu 4jLlL 3 (jj^a ji L_a>tiJI J^a ._a^LstJI ~ ■ .‘j 

(PVC) <JjLjj3 A~c. l_l^i ^3 ^2*^L_uj Salc^j 4 j Alaj^-ail 4_n_ijl AjjLo^J (JjISH a j-^jl ^ 

(HDPF) iaissil Jlc. JjJI SjL “ J 
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CjIjI j (jjjjLaAl ^ \\ i\l 


4j 3 L-iij J)\ ^Jjui (^1 (N,Kj ^aJ 4_j| (j-Q J^t2l ^uajjtJ L_9>l*J! ^jAc- jlilkVi L t 1> Tj 

4_ij.l*_x2l filial I (jii b±z>\j 5-lxaJ 10 kV j-aJjai* lijLtfn jli^VI lift ^aJJj L_U^)Iill 

PVC Jl s^Ld (jiajjtij j)\s^$\ IAa ^ajAj ^ 6 PVC Jl (j-o ( ^ 5 _ 2 kjL^JI l_9vL*JI (Sheath 

ij±a ^ ~<^\ j! ykiau j s^UI cUj^j JblUj Semi-Conductor Material s^Uj l^£lk> 

. \^w sheath _J! 

c_9>Ul 11 jL^j) cij^ jic- <ULa. ^ L^L jUikVI ^iiauj (Leakage Current) l-u^ouI) jLj ScJjii 2 ^x^j j 

: jLikVi AijjL 9-26 l£2J' 4 (No Breakdown) 



-iyju' 



Figure 25-5 


(^.ijuo^.l\\ (^i^Vijuo (^jjsiV-c.l\\ jViIjL\ 25.2.2 

Jajjl) s^ja. qa jSbl1 cjIjLilVI 4jI$j ^ lU^jj Contact Resistance Test of Link Boxes 

(Cross Bonding) J! ^lk> ^ jjJj (Aaj Micro-ohmmeter ^Uj ^UAj 

(. — x (jjjj Links 2a UL jljlkVi (J-oaUj L_9 vL*J) £_L<2 

20//Q /jc. 5 -ajiiJi v j! t_Lkjj .Sheath Voltage Limiter, SLV 
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jJl ; £jl j3l 4_jU£3l 
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L-S^aW ^jJoj-aW A^\jl\\ jViaaA 25.2.3 

Cross Bonding Verification Test of Metallic Sheath 



(Eddy Currents) 4 -iJ^ cjIjLjj (Inducted Currents) 4 _J^ cjIjLj JjISU ^jiaJI l_£LJI ^ Jjjj 

j)\ 4_juoAj CJvLi^a^<a ^1 (Jj^a^^9 JJjlJI ^)IjJI j L^ 0 ^J-JJI ^jjaiJI ^ k k 'jL»l Jl 4_^Jdj 

Jjl£L3l SjJa (j-o (JIaj Iax l_ 9 vUJ! Loss Jia j_^Ja cJjLJI £> 1 a <. > 'y~'j . 4 J s^l^Jll cj>L 1 £J) cj>L^a_^ 

. jLJI lU^ 


(_|ac. (cjV-^^j-JI ls^) 4j>U3 (AC Current) (jA^» 4 3^ >> nl^j ^La^VI 11 a J>^l ^JJj 

i^a %3 {jc. L_9>LiJI ( ^ 5 i jLJI V (j! ^^aaJI L-avljJI ^9 jLJI ^jjjLaj (j£^.VI 4^31 ^ja 

.JaJjJI 4_^uJI jjQ^Jl jLJI 


4_jjLaiL<i <JIjA (j^£j U’ S-laJ (%3 (jc- 9jjj (^131) ^JUI ^)1 jJI L . \ u l 13 

. ^OAx^aJI LLui. 4 _jjj 3I 4_j^laj £a ^jl^au Live ^)j|^J cJljA (j^£j 99 

(jiajVI (jC. ^aJJ 4_jli (Jjj^ajJI h/i ) 9ic« VI ^JajVL 4 ji3j 5VI (Jjj^aj9 (j9ajjJ V 4j| LgJ 

aJU ^^9 L_a>l*J cLiajjouJ! 9 ^_JI qa .i^JI ( ^£' (Non Linear Resistance) 4 aa jUL* 
]jLaixi ^ u^ia (JjaSI AaJ)\jia aajl 9 (j>i s\ n Jn^v Sheath Voltage Limiter, SVL l^jL <.— 9 j*j I13j (JUac-VI 
L-IAJJ l^jJjlc. (JA Jl£U3 jnVl 113j 42 Ic. 1 x>jULa J09 ^jja^31 ^ Lol 4^)iajV3 Jl C_9>l*-i! Cj|jl_£l3 

• 1 000V LgJuc. 1 G,Q tjf* aJjIaSI Aaj& (Jajj V (jl 


^ Va. 1 jViljkA 25.2.4 

Earth resistance measurement of link boxes 

4 U^Loa) Ahjh\\ (fall of potential method) ^3 i L j; <s j^u 

jLp lljj 4 jbjjjSJI LaA C P ^ E (6 — 26 ^ ^^^) 4ljjJa3l 

. ( ^jJajVl 4_^ULa V^l 4_ajuoa 3I (jli 4 V ^A P ^ E Jl^JI (_3^)9 ^jl£j C ^ E 
jl (current source) jlp ^a S ^ .Earth tester _J (_jJajVl 4^ojlLo (JjAj 9 J)l^. ^ajaJj 

. jn^3j9 jl^. V Jl Lmj jjjJ jl^. A Jl j .CijIj 
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CjIjI Qj^)ju1x1I j (JjjALu 2I (Jj^aall — )\ ill 



Figure 25-6 c^ 3 ^ 


l l_^_La (J^I^C* SAxJ 4 _-qjULq jjt £j 

.4_i^la^]| 

. 4_2>jAj 4j!Ax2! ^vLoVI 

. JaxjJall^ Sjj^aJI 4_2 *jA 


llAjlJJ^JVI ^jjj 4 ^Loia 1] ^ oh-V z\ r /o ; CjLujIjS SAC- (_£^J (jl (jjol^JjoJj ( X3^-Q (_^l AjC- 1 4 _AjULq ^JjjIj 5 Aic^J 

.10 Q ^jC- *LqjULq Ajjj V j! i .v > !3 -(Average Value) MJa^jiJI b^\ Jl caUaj 

(jl 4-l^J J bill I Ia& Lb^S t jj^afill jbj ^■^..?VJ Ljju^C. L-LujIjjj 4_/ajvUI ^LajULbl 4 _aj 3 jlfl ^alc. 4_awjjj 

. 4_-qjUL<2I 


JjUdl 4A&AA4 25.3 

^a ^ 1 ■ *"* AJ (JLujjVI 1 _^)Ja .lie- (_)jl^il 3?~ aJ Ajli ^ ^o) 3 a\^ (Jj)£. Cjlj S.jIa ~ j ~n j ^a^xj 

(Leakage) j-<ua (Metallic Sheath) ^jaxaII c_a>txll^ <Jju^aj>2l a^. ^j\ ui ' 

) g >al *LajULall l^jb 4jljlxll jULa c—9jxj j c_a>lxll (Jj^aj-bl (Radial) ^^ebujil elajl <J^*JI i_J>^ 

.jUill liA 
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: bslA LjUa^id 


(Jjjtll mJ^jAaSI 4^<ua]I 03 ^ l ~ 3 ^ajVli <*—J>Lx-aj^l 3 JJj l^jJaauj Cj>Li-a 3 ^! 3 JJ (JjjeJI S ^ 3 ^. ^jjjIj5 ^jj • 

^(j^ 3 ] vlxa3 . l^-La A^.j^ 4 _LIaj cAjkj\^ A^.1^ c5 (j' (Jj£ SAc-IaII Ia3j 

. jl I'sjxt 1 1 l^J ^j.A.i..xiA 4_-ajULa 4 _xu 3 (Jal o1 1 kV (JjxjAj 

CjljlilkVI 4_jl^j ^ >Llx^aAJ ^gJjauJ) JUJI A^jaJI jUlk! AxJj (Jj 2 jlilkVl (J-aC. ^aJJ • 

CjjjUl! (jjjLa 4jjl*JI ^jj Clu^. 5000) 4 _Ljuo|^j j\S^j\ Ia& ^aJJ • 

3 ] ^ ^ J&lfl ^ajl WOO) 4-/U3 (Jj^aJ A 23 4j>b]l Cj]jIa]| ^jjjj l^_OaxJj 

.^ 3 ! I'Njxil) ^1 (Jj^aJ AA 2 LajAS 3 ^ Lai. J^' O^ 

4jIaj^a 1 O^-JUI jLj 4 jIaJI (._La>XQ (Jjl^ll (jl Oi]j L_LLuali^ . Sa^.]j 4jjj]b jUlkVI Iaa SJu • 

40ilj 60 saJ Joujul! Akj 4 ^ j! c-jjjouI! jLj J! 4iloaVU Charging Capacitive Current 
3 ^, JsA^-j o^3 , ^3 o' ^ 3 ^' JaAa jA\ a \j Capacitive Current Jl a >»Kn 

• J>^ 

(JjlaJI ^1 ^JjJaj 3 1 al_La L-JjjojJ ^ 3^3 4Jl^ (> _ 5 i V} (JjlaJI *La>Laj 4 j (JjjIaj o'^ 3Lx ^ (Jjl*JI *LajLLa Akp V • 
ULaCj) jjJall fiAA ^9 4A]l_^, <300 J! jjAO La-a (JjlaJI *LajLLa ^^3 3 ^ Q^a^Jl Jj l~ lj\ 

.(^JjLui (_£p»l j-o S^b jl CjJjUll ojIa3 


(JjlstJI 4^3 Iaa jlfl (Jj-a 3^11 jIaa 3 jo^C> ^-^3 . 3 ^3*^' 4_aC 3J 4^a jIa-o 


4.23^ p.Lo 4_n*J) 3AC. u V3I ^jj jUlkVi (-4^3 lilj 4.23^3 i } j ^ l_Luj1jjj 

4_1uj1ja 1I 4_2kj^ ^jc- 4_ajIaa Jj-qj Ua 4 (J^VI ( _ 5 -b' 4x.La3 SO<J 4 j20 4jj|^ 

^qjIa-g (Jj-gj Ua ^ l- \\o, Sjl^* ^ ^ ^ 3 -aC- Asu 3 I n-vNf i ^^^3 • 

. p-IjjI S^l^aJI CjlakjJ JUC- (J3*3' 


! (J- 0 I 3 C- SAC- (JjIslSI 4 ^ 03 Ia-o AaIxjj 

3-0 AjV I3I3 (J3la3 (JjlxSI lAa v3 (J_uaj^ll ( xJaA-o 4 _^,l_juui (_^3 4 j _juoAi^J! ^IsuVi — 1 

^^AxJ ^IsuVI Qjjar**^ i jlilkVl Ci^J jjJajJjaj ^iW 4_n*J! ^asu ^11 jUIkVi ^323!I 

.jjM! jjJu 

^.Lg o' ^3^J L^' cs^ Jj^' (3^ — 2 

JjUJ' ofJ^J ^3 “3 

bswjJ — 4 
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CjIjI n-sl) j ^ \\ i\l 


j-oc- —5 

. I EG 60840 4_jojUL< 2I 4_xUfl]| 4_jjULa ^aJJj 

4-Jjlc- (JjjUa! 4 (7-26 (J^ 1 ) CjljlilkVi a^A ^-i 4^Vu^l ^ai l>°j 

. C_ll^3 5000 JlljJ ^ ^ aIa^JjujIj (JiaaJl A-^jULq ^jjjIj5 j ^1^11 




Figure 25-7 JW 


. 1 —26 (Jj.wU ^5^ 1^3J )~X H>1 ^aJJj 


Ta&fe 25-7 


ja-«Jb jLoLV' iiJab 


Jjl H^Vl 


^>ji£ (jjl£ 

jl£a 4 ^u£ 

uptoFIKV 

500 V dc for 1 min. 

1.0KV dc for 1 min. 

50MQ 

11KV 

1.0KV dc for 1 min. 

2.5KV dc for 1 min 

200MC1 

33KV 

2.5KV do for 1 min 

5.0 KV dc for 1 min. 

500MO 

66KV 

5.0 KV dcfor 1 min. 

5.0 KV dcfor 1 min. 

50GMC1 


Hi pot __\\ ^^LujVa jVila.\ 25.3.1 

^ ^ ai *' J ^"*uLa C)o£Li Ja£3 l^ia (JjVI t (Jj)£. CjIjLG^I A r ^^-- ^ ^>la 4 -LujL-mI Cjljlii^l AjljjI 

Hi Pot _!! c_l^j (Jj 4 ^ 312 ) ^ j^j2i J^vwnl ^_L^aj V 1 ajjj 4 ^LgjULg (JjjIjs jlilkl 

.(_£)Jjuj L£ ^ qa Jj ti^J jUlkVi 4_*_nla (jV 
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.4j«jjVI ^ LojSj 


(High Potential) Jlc. ^ 


Hipot“ 


Insulation Resistance A*.±k j^iiA 25 . 3.2 


Test 



<Ja iJUl! JljjuJ! ^gic- jUlkVl IAa (. < n>j 
?4_j3l^ 4_2 ^)Aj 4_2lc. 4 _ajULa 

(Jjjtil 4 ^qjULa 4_aj 3 n-vNf i I jiA ^9 

jjjj ^ Phase 

0 uajAj 8 — 26 ^2 Ia^ 

Ljajl j . 2ja~\ 11 ^jjoIjS 4jL^la 

. two phases jjj J>2! A^jIaa 

(JiaaJI 4 _ajULa Jj.wM jlilkVl IAa ^Viu)tj 
.Ia£ (JJastSI 4 ^Ljia 4_aIa^JjujI L_Luj11a]| jl^JI j 


Figure 25-8 ^ oM 


jUlkVI 4ij^, k~\A (Jlaj <•** <\o\<* (jV jUlkVl 2^1 Axj Cj>LjI£H ^gAc- £_ijAj c_l^j j 

^ajAJ I A]j C ^A-laJ ^jaa] (jl ^Ac« <21jA j}Aj ( DO ^ ^ A! ^J'NJaII (jl 


Dielectric Breakdown A\ jV^\ a^aas jiiaA 25 . 3.3 

Test 

? /j ^ . "■ ^ --' AiC. ! ^—ic. jlua.Y I la& 

Open /jj\ k S-C\* j j)2jj*_A ji^Ij cLu^. (. Hi pot _!! jl^* 12 a ^ ^nwh^ 

l a^. jjj jLoll (jLjjaj L_l3ljJj 6 ( j)A (JjxJI k! l&ila ^K“i| I k 4_AIc« 4_lA^ 9 lA^-ilc. (JjjJaJj OlrCLlit 

jl (jjaiaAil! (j) 1*^3 ftS^ j)A jj£I jljJ j-o lilfl i \s\1^a jLp (jl AJUxAl AJL^JI J . 4 jUsu 

. vLalAJ J 4 U 4 jaftj L_LJJjaU tilljAj 4 Un\ Sjj ^aj ^JJ ^2 (jjL^aj-21 


^pUI ^2) ^ c 3 ^j (9-26 0^2) (Hipot tester) jl^ ^ bVu >L jUikVI )Aa 

. jjj* xLJ3^ u' L L_JjjaiL2l 4^<u3 4j 5J^2w^ 2I 4jalLaAI J%L (^JA i^uajJLJj J)\S^^\ 

4_Aaxj ^jAj C}**-* \jf* ^)l-i2l 4 _aj 3 IAJ (overload protection) L^aj] iSj ^^ 

. jl 4_ijlj 60 Jj Jj-aj jUlkVI SJlA . (^>.s-i8\\ 
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Figure 25-9 Hi-pot Tester 


C Ag l^LiuLI c > \x inOj aAAj c IxAA^J (Jj*JLl 5^9 cilluA A9 Ail lo^vV 

.(JUaC'Vi 3^1 fiAA (, 8>fl&\ A^JI fl.Wl J 


Dielectric Withstanding ^jV^AS 3 V Lx (^.xAA b^x J VaI^A 25.3.4 

Test 


ij\U. a\ 1 4_ilS.1 a 11 ^A.31 (J^jiui (Ja ! Jljjjl ^_lc. n-vVl 11 a 

3 JUJI ^2 . jUll (jLjJjud J ri.VW ^\l 4 _ljx^]| Sjli&l] ^ L_JjUaxll ^>>13J ^3AJ Cu 

. jUlLVi SAx (Jj^ia JjL^a^xll (_£! ^Jjuoj V (jl i-l^J AjIIjxI! 


( Tan delta(6)_\\ > b e V^ j\a1^\ 25 . 3.5 

sjja. ^ jliikVI I1 a fjtkiuuj (Dissipation factor)j (loss angle) U=i Js^\ 11a 


C /N 


T 

Circuit 



JxaJL \yy\\ ^ALAjuoJ l 1, 'jn (JjILI! (Jjlc. 

.JjUil 

Jjfujj jtnSI i_ij£xl) 4Jl^ ^ (jji 4_ILaJi ^ 

JAgj 4.11^ ^ 4_2bjA 90 4-S 

I CjliU-iaVl 4 >jT (lAli <■ jj^x^ (Jjl*J]j (Jj^ajxll 

4_2*jA 90 (J 4_jjLojx (jj£ jV SaIx] cJlLjaJ 

loss angle 5 ^ a >n"i -g 'j' 4jjlj)]l 4JUJI sIa 

. 10-26 JAill ^9 ~. ~i jm ^aLoS 


,jSlj l R sijj s^Ljj (resistive current) :sbjj JjUll sjI* ^ cjbU=VI bllj sijjj oi 

. (J■ ~^ a ' (JjLtll ^-L. ^jQ. .al] ClJjjal 1 ^jQ. 4 jjLui 4 4_i9 J ^lil ^lb-all 
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j2l <joiAiA ; £j| c_jU£]| 

cjLuoUI! 2lL (tan delta controller) ^Ju £ < (energized) c) *^V jU^VI 12* ^ 

. 42Lla Cj|j)^VN ^gic. CjL2j 2! 2k! ^aJJ 



tan cjUI^ ciil£ lili 4 (normal line to ground voltage) V 0 J Ljlai* jLikV! ^ <^S 

(Jx«aal jLikV! ^^ jjJlj iil^J! a 2* 4 Ujjlia 2jfL jsusiW 2 ^ cjjjaj aj (jl sju^. delta 

. V 0 4_a2 l. J! ^1.5 (j-G 4^2 

^ <^1 Very Low Frequency VLF AC HIPOT ^bVn>L ^ jLikVI 2>^1 ^jj 

*cjjj. ut ^ <21 jj 50 Hz 0*1 Hz ^! ^j^sWa 


very high power) isIL J! 50 Hz ^ jLikVl 12 4J JjVl -1 

(_£2I ^j, , U«'i21 5j-q 500 (JSl iSUa ^)Ax^a-o ^Laa 0*1 HZ fhVunl Aic. (SUpply 

•50 Hz iJ2 4_a.Laa 

Iasj o-UJI 4_Aac. Lui 4_xu3 2 .^jj tan delta 4_xua 2 I ^221 l_iix2! — 2 

4212! 

Tan Delta (5) = l R / l c = l/(2itfCR) 

4aalj-2 ^ 4_Lac. JjISII t. hf\ (JjJafil (J^Ln 2-a*jjaa Cj!j2 ^J* 4JLiL21 4jujV1 CjIjI nkV! ^ 

1^ lc. CjLojIaa (J-dUlj LjV 121c. jLlkVl 44-^. uj^ ul c ♦ j ,j-22L j .^LaLoi* a22 ^ Cal^jaia ^1 
La (j^j 4 5^21 ^jjaLL 12 j.'jA .a (J32I 2 ^ cljLqjUL 21 a2 * c_jjjc. <, a 25 j V jj* x«oll >llj 

.J 121 44^2 2 VuJ 

j ^ cUlLuu Dielectric breakdown testing JjUJl jL£i\ j jL^l jLikl jL Uk 

<- > cjLj^|j21 2 ^ ^)221 ^g.3 4il . 2 j 1^2 ^ ^ ^ x ^3 jic.Luoj ^ CjL^hi2I (JjaL 

.gjio JjI^ ^ Dielectric Withstanding Test Jjl2) J^j jL^l 


AijVlx 25.3.6 

4011 L"^ 2_^4 2’ L . 2 I 9 ^lx-a2l 2 ^ 4a9j2I CjLL2] 2j^ 2’ 1 (Jjl21 i-djlA-o 

2-26 Jj^JI 
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CjIjI Qj^)ju 1 xAI j (Jjj^LoAI — (jjixilaAl ^ \\ i\l 



Table 25-2 


Insulation Resistance Test Values Eectrical Apparatus and Systems 


Noiniu«il Rntius 
of Equipment in Volts 

Minimum Test Voltage. DC 

Recommended Minimum 
Insulation Resistance in 
Megohms 

250 

500 

25 

600 

1,000 

100 

1.000 

1,000 

100 

2.500 

1.000 

500 

5,000 

2.500 

1.000 

8.000 

2.500 

2.000 

15.000 

2.500 

5.000 

25.000 

5.000 

20.000 

34.500 and above 

15.000 

100.000 


. ri'sxAl ^ jjSI £>Aa Jjaljju 


Partial Discharge Testing: (PD) jViiiA 25 . 3.7 

JUAI ^ (J)*A) jjjj* ^ cjIjJjjoi (partial discharge) 

do A { fl]j J 3^3 <> > \ ul V ^jj^A & (JjC' ^jLuoSjl 4_^JdJ ^A AjixJJLI 4_l^jai (_)^3 .Jojuj jJ-aljj 

. (splices and termination) cAA^W s*l J£ JjI£ 1) ^ <Jafa jl 4 ^ 

. (J-olSlL 4jl^j]| ^aj Cjs^I (Jj*AI (JStj PD 

A1a 3 t J>J) 43U j ^A Jj ^^Al S^Loil (J 3 I dlLu^A^I ajlA ^j\ ^^Ac- IE 0 J 3 SH ^alj 

IAa (_y& 4_^jU1I CjLg jA*_A]li 4J4_ij^£j| CjIAslaII 4il^ ^Ac. (PD) CjIjI n^l (J-oju ^Aj CjISjjoAIj ^alc. 50 
(JjjlSI La.lk^ PD l~rWj La LojI^ 4_jV^ .(JS^ CjI. 1 *_xAI *La>Laj ^^^Ac. fi^jjtj j (JjjlSI Ss-Lj^ ^jJaj 3 

. oLj! CjLI^AI SJJjISII ^ CjvL^a^11 (JjAJjoj-oj ^mll 1 n^Laja jU^ivU AJUjla 


: l$la PD tests fjA ciiliAj 

Online PD test 

Jjc-aa JJ ^offline test ^j-a 4 aK" Jal ^^a (JjISU a (JjxjuoI) 4_iLoc- ^Lj) jLlkVI sA^aJ ^jj 

c- iJjaiJ Vj ^aJLa ^jLaa>VI ILAj S^)aAI 4_2wjJj £ja AjjujLa <■** 4_/a4aJI £ja 

. C5^ L$\ 
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jill <joiAiA ; £j| c_jU£]| 


:Offline PD test 



e-I^L 3 nMjj 4 jL^JjujI 323 J 4_llj L>° £ 3 ^ IAa jjxm 

(j-0 (J>il*JI llM Aj.^VlUj UaiJI AlA^A ^Ac. 4jjALl jjX>Tl l^jl L£ fault (AjIA^J (jjAj (JjALouAL 

.JjISII 3; K,^t LjL^t l 


JLaJI JA*U J>JI J*Ai <iiljLi*l25.4 


lAJlUll cs - ^ L ^3^ JJjb CiaA (JjIS (j\ jU^jI 


Jjjb 3 x 3 • 

30 ]! (_]^jo! • 

JjISIL SJs^2v^-a]l CjIc>|^a]| 4_ixlN • 


La S^j^J! 







^jiLa£j|j jaAI Jj Iaa (J>i^ 

(jj£j J! 63 AJ < 3^34 

I^-L^Iaj jUJ! ^jjbj CjIc.]^aH 
Lu* JjI£A1 a^JI a >jVi 

• yW*' J! 


(B) (C) 

Figure 25-11 ~i<j->ll (jl Ua 4 h^.>LaHj jjJi^JIj 

(Jal ^jaUI jIaiaJ Ale. aA^jjouAI 

. l_Jjjx]I £> AA L_fljua^ CjIjIjjA.V 1 &AA 3-a 6 A1A2JI \ Ale. ^aAAjjaixAl A^-^JI ^_yA 


J^S )\ c Li.til 132 jl\ 3A ^V*\\ i^a\\ j\-iiA\ 25.4.1 

^aJie. (j-a A^lUllj 4 _Ljia Spa] (Jjiuaal) jLj j A^. J-aaA ^^le. 4 jj 4 _^>Luj (j-o jStUl jlAlkVI ^jj 

^^ 4 ^j 3 jIAIAJ ^jj C_ua» ^l^jJaauj Cj>Ij 1^1I JaJjJ ^^Ull AuIAJjJI Cj^L^a3] I (JIaJ (JjI^ILi 4 _ilAjj) c_j jje- ^3^3 
Jc. 15 SjJfll (jjiLJ) (JjjJI Ag ^ (J1 j-J Ajuj\ (J&LjZ jlilkVI 4 _xu 3 3! (J3AI S^IaII Ia 3 j jlilkVi 
3JJ 4 _ 1 jIaa 1 I ^Tn>3 ^ 3I CjjIj ^Ia^jjujLj 3I IAa 3^x13 S^c. 3I SA^I^ 4 _L^xi 

. ^Ua 3 l_j ij_ie.j Cjij_LQ 
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CjIjI qj^)ju1x]| j (JjjJLu2I ^ \\ i\l 


CjIcJ^)3 (Jja >Ija 4jc> 1 n^-i c_J jjc- (_$\ ^IxJI A^JI 1U Axuxj 

S^tjj) c^lb (S^At jU j$ >aj '^> c"n«v (JjxJL ^jjoi ^1 CjvL^a j <. a* *>>i 4 jjI^A 

Ua — \gjar x>i >1x9 (jlS (jl — (JjxJI c h* x>i S^Ljj c 3^ s^Lj ^1 (^jJj (JjI£ 1I Sjl^ 

.jljlkVi C-Uji c . \ Ut, J 

cjjjUik) ^ (Variable Frequency) j^\\ ajA I ji jbik) j^j 

jLp ^Lojj 4_ix^J jl (j^AJ ^Ic- jLp jjja ^ c , \ u l l< cijj! 4 jj£i9j JSjJ! US ^JUII 

^gic. 4Jajj Juc-j (. ^<J\< jUlkVi ^uc- (JjISI) ^>iixj Un^ c SpUL L ^ ^SaalL (JjxjouII 

aLUaII <> Uojjj c_i^j ; (Resonance) s^b a^jUII s^IJI jU (Reactor) J! ^ Jjjtfl 

f =-i- 

” InJhC 

: c & 

.F JU JjISU 4jjj«£]I : C 

.(H) (Inductance) : L 


(_gjLoij jljlij *Loj 2 {JjfiZij 
/_ = 


s^Ljj JjISII 4*^ s^Ljl ])k> 12-26 ^ US ^ two reactors ^ bV tJ J! ^baj 

^jj ^ two Reactors ^bVntAj 2 jjSj *UjU2I 4J^Ua]| ijuin ^Ui^n ^U s^Lj ^1 Ua 4J^la 


. JSjJL ^jJa ja ^A US 4aj9 Cj^jj £a ^jjjS ^)l_p ( ^Ac. ^ULj c j3 



converter Transformer 

Figure 25-12 CjXI£11 JUil 
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jill <joiAiA ; £j| c_jU£]| 


^\jti\ (Jc. two reactors ^ bVn >L ^ Ujli Reactor J! ^ ^ Js^\ ^ a!\^ 

.jUjU 4_xu5 jJuj V9 ^4^JI c_ic-Ljajj elua> 13 — 26 ^ jA 




converter Transformer 


Figure 25-13 


^^]| CjlaJ (Jv^» (j-° ^aJJ JaiuJaSI Cj>LjI^ Cjjjliikl 14la^^Lo 




: bj^\\ DC j.*AjuA\ ^WaW ^\^:LLuA j±l\l 25.4.2 

4jV <^111 (JjlxJI DO Supply ^I*1 ^JjuAj ^-x^ajjV JaiuJall ^gic. jliik! A>^! *^ c ' 
^jl ^j.Siaa.11 4jU ^juajiallst-A]! (Jl^ a]1 CjLjj xn ^ IHjIj 1 umkl ^ -v ^ \ "/ul^ DO _J| aIa^JjujI Jj'N xn 
. JjUJ) ^ Break Down cjj^. aic. Lil U* Water Tree l_> C5 -* J u J j Lua 


: l^Ld (_£^J (J^Loui tilUAj 

(Scratching) ^Jaall ^\ ( Bubbles ) (Jjl*JI Ja_u^ll 0^.1^ cjIs5|^a]I (Jxo (JUac-Vl ~ 1 

(J^LouJI &lAj 4 HVDC ..11 ^|TvLuaj IAjjI ^JaJ V (JjlxJI Jojuj^II AW ^ 

U* 4^^il JjIIS) JU^I a*j ^jiA\ ± 4 + 1 \ (j jjk j a 1 c> (Partial Discharge) £jj& cjj^. 

. _jl U'vV 1 4 _xuS £JjJaJ (j-GJ ^aCj (JjlxJI 

L^li (p) 3 ^ 4 -o jIIaII c J nd'V CjLlgil^ Cjy\ (* nd> £JJj 3 — 2 

4il_jJaJ (jg^LuiLa JJC. 4jc- gjjj Iaa (AC) 4Jl^. (c) 4_i^.Ui_jaJI > ^ 

Jlic. ^Axa!! (jf~ LaLaJ (. oh-v ^ ^j^j,_ xjo Cj> 1 x^a^]| Jlic. (Jl^ ^jl 

. (JjXjuJj]! 


E 1 j E 2 — p^ j p^ 4_A IjJ^Ia L_LuoljJJ DC ^AltalA-11 # 
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CjIjI n^l) j — (JaaL^JI ^ \\ i\l 



E j / E 2 “€ 2/^1 Aa^IajoJI £_a IjxXc* cjjujljjja AC IaI 


JjlSlt o^ ^ L-ajj^oa. ( Space Charge) CjU^-joJ) 0 U3XJ -\ll lift L-D-xJjj Lijj — 3 

-ik-j t 4Jjl*J! s^IaII 4A2kjLk!j^ A4kiJ! o-° Ejajij ( Accessories ) cjIa^'a^ 

^)jjj Iaa ls^“ (Stress) a^ cj!w aiA <—.ikl ^Ti (AC) a^j ^11 a4^' 


£JJjuo Jii, ^Ll^JvU AjJajC- A U -v \j AjI&^Aaj jaC- ^1c« ' 3 k ^ 


Water & Electrical ) ^Ull jj* _jul! aJjj a JASI' 3JU> Jj <^jj -4 

. A^ikll Ai^kj u ( Treeing 

J! jU^VI ^ lU.j tit VI (DC) ^AJ_jo1a]| (j^AJ V L-JjJxll J>»; cilLk O' O^P — 5 

Cjli__ SLLxjlaII UHi 'i&j c (Uq) 0p£^' .^>11 C_fll*_jJal 8 

. (JjaaII o^ ^3' Cy* 0^ 'i^ * a4^' 4_avLuj o^ o^ 4aSs (Uq) a^*' aj>Ij ^_gi| a *■ 


HVAC _ \\ ^.\^Lui\ jxib 25.4.3 

0)C. A ah's a (_£pJ A K).ma ^JaJjoa Supply AC ^Ia^JLujLj JlaJi Jaxjjal! CjvLjI^ oW^*V' a^j Ak. 
J! Ih^j Cj>LjI£1I o' HVDC _!L A_x-alkii a^E^ai 


Opj Oj^ J1 j 3' aj-^^lj • AC Supply _J) <aiil t t. j?Ka a_1£ cjIaIa j 


. o^tx4' OhP3^°°^' 


DC 

AC 


XtO 

biA 

jlilkV' CjIAsla 

a ,.>>o-v u 

aJIc. 

jUi±.V! 4iUa 

j j ^ a^p 

0^J-® ^JJC. 

J.IS11 JA£> ^)Jjtll' 

^ 0^-*jj ^ Unll 

Ajc.]^ Op-^ c . \ Ui 2 V 

Ak^aAii o^-*^' 

A-nj^' Cj>ljl£il aui 

^-iAsJ aui 

iJUil! 

jjjIjI! c_jjjc. t hki&\ 

<jj\j*1\ 

L_JjJx3I ^JA^v C 0 

L_JIjJxll 0^ ( lLa^]| 

^JX^ULI O^^J 

<jj^J V 


A^JjuJI •>■ AjljalJ ^ 

A<w"\l -v t CJjIaa 

A£±jJ> A£-y\i 2 _<o AaJaII L_JjlflJ 
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(Very Low Frequency>VLF 25.4.4 


t ^ ^pJI 4 i)UI i_jU^5u AC supply Uai j DC supply ^ ^ ^yi jja: 

(jla AC 4 i! Luj . ( VLF) (Very Low Frequency ) la jl la^iu ja JlaVl 

l- Un'V o-v \a JSi L-l^jk jjJjoiS ' w JJjjII Ail Luj 4 A^jLoJI DO _JI (J^Lolq 


I — 00 C V 4_LI*_a]| 


(Jj-aj-oJ VLF ^laJI A^aJl O^ 0 ^ ^ J k *0 ^jLjiaJ s-j^J ^i3 

JL £-a iS^S^ ^ 3J-L 4-ilc. jlilkV I c-i^l (^UJI (conductor) 

.14-26 ^ ^-b[j ja laS (grounding shield) 



(jtj ^^40 . ij.^ 1 ) IEEE 400*2 40. aU laBj 4‘m^ sa4 n-^vt '^^_lc. ^ * <aj ^jj 

Jl 30 (> 5 Aal (3V 0 ) (Normal line to ground voltage) <_pWI i_aU^J >is% Js^\ ^ 

.4iii4 60 


IEEE 400.2 —U Usj ajIc. i_)jI£]I u,^ om 3—26 j 
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CjIjI j (jjj^Ludl \\ i\l 



Table 25-3 


Cable Rating 
phase to phase 
(RMS) 

Installation Test 
phase to ground 

Acceptance Test 
phase to ground 

Maintenance Test 
phase to ground 

kV RMS 

kV RMS (or peak) 

kV RMS (or peak) 

kV RMS (or peak) 

5 

9(13) 

10(14) 

7(10) 

8 

11(16) 

13(18) 

10(14) 

15 

18(25) 

20(28) 

16 (22) 

25 

27 (38) 

31(44) 

23 (33) 

35 

39(55) 

44(62) 

33 (47) 


Table 1: IEEE 400.2 VLF Test Voltage Levels for Sinusoidal, Cosine-Rectangular. Voltage Pe; 
values are shown in brackets for Cosine-Rectangular and Squarewave. 


aLxjujj c.UjI (JjUJ) ^ jL^jl L t 4 *^Tji 4jjuaj k jLlkV) 11 a jln^J 111 

0.05& 0-02 LjojI 0*1 HZ 11a • %95 


Table 25-4 

Cj^bliuj ^jUJI JbQit 4 a A 


JjfeUkd'l 

jUii.Y ^ 

u^ii ji jUj 


JjIS 

JjIS 

JjIS 

Jjii 

uptolIKV 

3KV 

660V 

0.5mA 

2mA 

11KV 

18KV 

6.5KV 

0.5mA 

2 mA 

33KV 

60 KV 

19.5KV 

0.5mA 

2mA 

66KV 

115KV 

38KV 

0.5mA 

2mA 


(VLF) jLikV) (Iaj . j-oc. L-Lai^. 2U 0 — 2.5U 0 L$ jLikVI ^ 

^ aJJ.*jj U£ V ^al l$JS (JlaC- tilliA (jlS 111 La JUJLao] Jajmjludl Cj>hl£ 4_i 

. Jbll lU^I 
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j£ll ; £j| jll 
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CjljUlkV C^Llill 0 uajxJ 4^jn cillA J (JUaC-^U L-ajxJ 4 _ij^£ 1I 4 i Hull jj^alic- 4 _ij^£ 1I Cj>bliH 

CAjlila.1 lillAi J l^jA^a. (jUuJal 1^*J H,o~ J^3 jjL-axJ) ^ CjvLjlill jl_nal ^aJJ Clua. ~liLLoJ Uajjai Lai - SAjAC- 
^uaxJ CjjAa. ( *_Loj V lAA ^ 4 CjXjlill ^-3 (JUacA CjjAa, 0 ua^}3 (JAfij Lcla (Jj» Anil (_)j3 Ljajl j (._ijjjjll Axj 

.^Atil! C5^ 1-A^Aj L-jliJoji SA*J 4_a_nj (JUaC-Vj^ s.Uaa.Vl 

V CJvLAil! (JUaC-l O^r 3 1 <alc» 4 4_ilc> ^LajvlAl C_)ljljja.Vl cJ^a.1 (_)^ (Jjlill (JAaaAl (j£^j)jjJa]| O' 0 J 

(ji Lai ^l^juol) ^Ac. ^j>>Q^ '\*W A^aJlj Jajujjaall A^aJI C_)>ljli ^3 ^ jaiftj ^ ^ 3 ^JjjuAnll ^a. ^Ac. AxUXJ 

Oc. CAaolIj 1 ^ lj» >tn ^jj ei_na. t Jjuoul! A^a. ^^Ac. Axuxj V JUac-VI AjAajj cOlAijiU ^j5j ^1] 

AjAaul 4-^AVnnxAl A_^aJI l^y VI ^Ijoc-VI Aa.Vl . Aga. iS^ 4-^-^Al (Jjlill $.IjjI (JAa*AI 

.(JjxjouII A^a. 0^ cAAaxll 

. l^sLudjil (jjjAaj l^a.vlC' 4-igjij l^jjAa. L—jLujjIj (JUaC-^U 4iildaa]l ^A^j>U ^t«oflll Ia& ^3 ^j_Luoj 


ItiiUrilSJI jLhAriiS ^ahatlLd^l fad Ln1 2(126.1 


^j. L)^ t _ l$J [^yajx JU ^_i]l Ml Uir.V| *_jl_u-jl ^_lj LgjBj 

• (cA 3 ^' 


AjUI&A Va ^\a!A L_iVijai\ 26.1.1 

.4_iIc- jiy( lU^AI ( x_>q ejjuoljjj V £-la£-a 4a.LaiAJ (Jjli L_uijJ # 

. I Ada. CJvLlill CjLI^A Aaljj ^Ac. • 

CiaJ 4A^3 Aa 1I dlXilill jLai-Q ^^3 ^aJJ ^>AaAI (JIaC-V 4>0*1 c & Q\i lAA ^ (J^lill (Jj-aj-o ^Uafijl • 
CAjAa ^givlll ^)AaJI (JIaC-Ij 4_ilil jLoiaII lAA (J^3 (_£)jAaJ Ja jjjA ^jJaj <- ^ < o-jVl 

. i_Jjl£]l ^-i jlj^ai 
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^dL/Lt£ii (JlAaC-i L_flLuu£i^ Qj^)juixAi j £jLudl! (Jj^aall — (jaixalaAi )\ l\i 


^1*11 l_Aijuj\ 26.1.2 

4_aj3 ^liGji i > 'y ^ JjxJi <j-aijaA 4ji3£9 3xj a^L^ji ji (JjlxJi LjaL 3jc- 4_ijj^£ji Cj>Ll^i (JUaC-l ^aJax ^ ^a.jj 
S^ija. 4aj3 (jl jSAJL ^)j3aJi ^j>aj - AjfLjl^j>Ai CjLa, , U«oli C_)j3a. ji AAj jia 53>Aj jjjiLali 3aAi ^jc. SjjjaJi 
ILjjIjjojVI 63A ^ 58 j jiajj Vi <* > laj Cj>Li^i ^-ijji ^aAax^ ^9 (Jj*.uu]i 


C_lj3a. 6 4-Laajj (jl j^aJ (_£3]i (j-a ^ ^Ai (JjlxAi 0 uajxJ iAi ^9 (JiaC> V ^J . 1 

. Lightning and Switching dlL 

Ji (_£3jj La-a Jja. <■. u^n jli j CjIc*Ia 3 ji 4Aa.i3j L_uijjai 3jaj A yf)] Jl£li Jjlc. jL^i .2 

. 6) L$jI j JjlxAi (j-al^ J JJ&*£ 

^ 6 a^LJ ^ (JjlxAi (j-aija, J ;j&3j Ji (_£3jj l xu$ 4-ixJali 43aj3 (jf* (JjlxAi Sjja. 4_aj3 ^liGji .3 

. a]j jJa CjIjIa] S3jij (JLaa.V (JA^J ^uajxJ A 'Sjn iA& l~ Q \1 
. 4_JaJ (JLa 4_iajla. JaijC. 4 >jVi ji ^»i3ajjuaVi Sp3 3jAa 4 >jVi (JjlxAi jj&3j .4 


Ai^aA^jl* l_Aa.juj\ 26.1.3 

^aJaaj Cj3a. J >ILa 3 jjl^a ( Ji jjl^a j)>a l^A_uaajj dJ/Ll^li JL (Jaj e-LAi 531 c- (JUacV i (j>a ^-jili iAA Cj3aj 

. (JA£Ai (Jjc *“ AA-A (Ji (_£3jj £jJajli iA^3 l^jula ^Jc dlx >^tijj (JjlxAi L^alcj Sj^l 

4ivlj)j i 4_dajxJj 4_ilij (jjd Lo ^jlio 4_LjJa Spfll J^J ^jj jjojJ ^aJJ LoJlk- Idajl u,h ij 

. S^la. CjVL 


<_iVi^\ 26.1.4 

4jjoij ^UjjI£ 4jjaJi <._Ajjiali ^3 4u^alaj 4 oh-v ^ 4 jjIxqj£ (_Lq|jC' l^JLoxJjaijj l^jjjaj $\±i\ ^jiajxJJ 

.(_)£tj]|j JLjuj£IjA] A 4j\ij^ A a^VhaII L—lL-ali Jajijjuoj dl>Luji 0 uajxJJj 6 IAjjOj ^vL^V i 

. lx-o (JjUjVI iu*n jl LjUxu^ jl LjLjj^ 4jjjuj q j£j 33j (JjlSll ^Ax-ali L_9vl*Ji ^ cN.Kj 

6 l^Ia.13 ^^3 31 aa]| (_jJajVi ^jj ^Ac. c_a3jjj 4_ajLixu^ CjIjjjIj 4_ajaj ^ COTrOSiOn ^ id^a]! jl 

^Ac> 3j» jll (_^3xAi ^Ac> jjjIj l^J (jj^J 4jjjJaC- 3 |ja ^Ac- (_£^jaj 33j 4_jjl3 j£j ji 4jjJaAa. j£j LA 4_3jj]li 

. ^1 (_^3jJ Ia-o ^9 ^jLuMl t4]A^j ( ^ 5 _ajlaJI c_9V-C* (J^L 


4_ijj^li Cj>L^a|j>Ajj (JaAI A^jaA 4jLualSlj i_i3jJJ j^3 4 _ijj^ (J-oijC. 4_anj (3j-ali q£~ Lai 

^3j (jiajVi 53j>a>a]i 4j3j3aJi ^Lu-afili ^jJjAa ^jc. fij3j^axa ^Ai 3 jxj (Jj» xTAi jl_p ^ji i** jjj>Jij (JLa 

I^jV ci^^Al 4_ixalaill jj^jj^li ji Cj>LI^A 1 ^j3x-<Ai L_9vl*Ai ^Ai l^AJjJa 3a.L 53 jLoi Cjijld 3l jjj CjVI^AI 63A 
. jlnll ^ix^iVi j3j^axal] 1 ^j3jC- (3i>^ ^ L)^ 3 ^ L^L^ 3 L)* ^^ 1^3 jjj^all ]jLaixa 3aj 


614 














jill <joiAiA ; 

4Aa 4_2kj^p^ ^^A jlnl! A -yjnj ^)l_n]| jAu-^a ^^A I^Aa ^p*A j Cj>L^a ja]I Cj|jl_n]| £>A& ^)Jjujjj 

4Ali lAIIa ^vlaJj ajU^Al ^ ( ^AAjla]| l_ 9>1*JI J£b c > n^n ^Al! L-jUaALaiVi 4 _i1aC. ^1 <A11a (_£Aj^ AAA_^]| ) g >a £a 

. s^jLaJI Cjljbll! ^aa cjWi\ jjIaII jl f\jA\ a ^gjjajL (Jjl£il ^aslaH 



^_k\ AaajAo ?.^juu l_Aijuj \ 26.1.5 

jUlk! ^ CjXjIUI Aaj AjA ^ Juinllj ^jUII (_£A] 4jaI£ 6).ik A^yj ^Ac. jjaIjaH 4_iiuj <jjfi l_u*JI IaA 
6Aa^ aA^)A Aau (, hY\W 4_xAaj*J l_sIjjujI 3^ ^jc. IAjju ^\ WuhaII ^AiL jLoia]| A^b AaI] ^-lijoll ^LolaII 

(jAasu ^A Ia^ dlljvLiJij ^jJjujI^aj CjIA^ ~s x^ill cJljjk^aljj ^LiaII A^JjI qC* Ajaj (jl >Ija 

£a (jAajVi ^-lajoj (Ja IjjjA V]j 3A^i 3^ 3j-^ (3 L>^ ^ Ia^ ^Al x«oa\I 

Jojuj^II AjA^A ^jj ^jl ^ja Ia^j wij ^jLuoa ^A 5 Ala a a j AjjIjja AajA ^All CjvIjI^SI AaLuoa A^awj 

4j£aI£aJI Ja^xjAall AjjoAIIj AaII ^jI^aj ^jljAc-Vi ^_^A Aa.Vi £a (JJaIj^j 3^J Jsla^»a]| 

. ^_aLjjJ (jjAj ^ ^-LuAA 3^^^ ^aJJ (Alb (JjAjojI CjIA^aSI^ SLAaII 

LJiS jJJ J&J ^.La^AvU ^la3 ^jsA\ ^.UjI Cj>IjI£11 ^La^AI 1 xAaJ) L_l^.|^]| ^ja 4AI Ia^ 

. 3aI£1! >s 


zyjj^s i^AjiSA l_aVa.jua\ 26.1.6 

4 AAj SjI^aj S^oAk. jA L_lixJI (J^aj L[5^ Cj\ l . lAHaIj AjI^aII Cj>L^a^]| SaIc. IaA CjA^jj 

SaU. Uijj ciljj ^Ac. ^_a Ad^k. \W (jl L—L^kJ IaIj Aoj* l>> Ul Jalfij Cj^Ax^al VI3 CjIaL^HI 

4 _ 2 kjA ^ic. Jaj)» k^W Ullc. Ijj^jj lAIIAA (jj^j AAl Ia^j Uaac. ^ a \1 j}\y a\\ ^ilc. ^a^A CAjA^J CjIaL^HI 

. 3^bA ^jA~v ^jAc- 4 _jjLoAa \$\* ^kj 1^1131 a!\^> ^ j 


JUm^I aUi^l JaI>^26.2 


! (_)jl£J! 4 AAj (jl^A L_aLaA£V ^jtiA^v (AILaA 


: I 

SjLaiVi 3^ (^aI! VLF ^AIslSI A^aJl ^Laa^.1 ^"1^1 ^-aAC- ^ja CS'b' 3b* r - *^3^3 L5^ ( ^bjd]| ^JL^. ^A 

(AHAj jlLJ) A^-^J1 (J^aI 3 bj^AJ i£j\-uLl A^-^J jli (_)^ ^jA^J ^jl n-vNf i C5^-9 * 3^^^! 3 k C5^ 

JIaILj 6.6kV Uja3 ^Laj 4 J Phase voltage J! oj^j llkV a^ 33^ >Ijaa <. saja^J! cj>Ljl£il 

.Ja^A A^-aJl L o* ■■ >»; ^Aj^aA ^jAaI! 3^t^( IaI t 19kV (^LaA UjjAj A^-aJl 3^1 4 j>IjA 
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(JUacJ L_flLuu£l^ j £jLoi]| — (jjixiLiJl ^ )\ l\| 


I q\£ lili c 4jjj3.i 15 SAa] 'sll I.AA Cj^j ^Spb (j-a 4_L^a3 >1xj ^_ila]ljj £jJajJj 

1 >uTi (jl l_l^jj ( JjtSll (Jjla (_)£J 150 c_jjjailxi]| oj<n^ 

6 Lo (JJac- j 1*^ 4_xuill a 2 a (jc. cjjjuiixJ) jlnl! 12! LJ .4 jvI!i1! cj|)Ia 3! ^ cjjjoiixJ! 

. (JiaaJI l at ^~<1 QA 4_ijlj]| aI^aIS 

:4-ulHl Ai^yaJI 

(Megg6T^ A-lajajj^j (JJaaJI A^ajULa A_-aj3 4i^)x-a ^^Aj 6 (JJaaJI (jl^-a ^3 £.l2l (JjS 1.1a. *LalA A-La^a &2 Aj 

L-LujIIaH jlfrall JuJlaj ^jj (JjaxJl *LajULa A^aJi c-ljjj 6 CJ^S ) * * * j) C_J^3 O * * * j'sj.aN 

^A La£ A_La^a ^3 ^jSaII ^j.l^a ^jjolj^j (J2ax2l 12 a AiLuo-a ^jjjIj 3 (_)^J (j>& ^-I^LjovU 

I Jj3aJl> ^jJaj-a 



JblLj 


Jladl 4_ajlLa 

jl^J) 

n 200 > 

3 . ^ Pulse Echo 

nua* 2 > >1000 n 

Sjh\s\\ 

nL^j>i50' > 4 _ajIaxJi ^ n Uu2 

i3j=2' jd 

w. 1000 < ^ujULJI n 



10000 (Jj^aJj dll ^3 500 (j-a Ul^ l.^'V Al jj l~U*v (Jla*JI *LajULa (JjoIj 3 ^)>J^ J)l^a. 


.1-27 ^ L^c2j3 



Figure 26-1 a^jULa ^La 


. I&a»V (J^AjoJ! (JI -~j 1 ^j 
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jill UjaIa ; £jl jll c_jU£]| 

: 4 i^> 4 lt 

(jlSa ^ n^ijj i 4_iUc. J\ ^UaJ J3 AjjjUAI 4 _L^a]| ^^3 AjojULAI (JAaxll 4 _a jlU 4_xu3 ^Ac. e-Uj 

jV 6 4 iLajj£l (J^ ttn ^AULj i jl^jj is^ (_>UU*j-a *^ 4 rl 9 (JAaxli (jlSa ( 3 >^ (ji Lb ' )3t A J 6 (J^ 1 * ^ 

_.°~Al 4uUc. J^)Lk *UjUU]l &2 lA 4_/u 3 (j^-nflVn Vi t^-SUjjSI ^jS-oj V 1-^Ii-ajUU ^3 I k 4_AUAI (JUac>Vi 



: Ajuljl 

( ^ 5 Ac. s-Uj ^cJI Bridge ^1 Pulse Echo JI (JU (J)^*ll ^jlS-J AiLm* aiwM ^uUlJI ^jl^JI ^I.^Vn J 

. ^SjUUg JtJI <^Ai .AJLiUJI 0 jtnll 


: 4 *uuaUJj 4 i^,>&]| 

i ^jjjjSLaAL ^ajujj J)l^^, (JjISIIj ^AUII 'sll CjU^joi ^J^AJ (J^JjAa ^j£- (JAaxJ (Jjj3.JI (jlS-JI 

II ^3 (J n^lo~i\l^ . 4 ,^>1 ^ CjUUjuj 4-IojujI^j l^alUjSI Q<Uj (Jiaxll jU* ^3 Iji^j^al CjA^J CjU^joAI &2lAj 

.(Jtsl» ** 


JJaaJI <uUl ^j -11 ^LjiJl 26.3 

Ujjj 4 _ia 11 Lq 43 2 L) (JAaxll (jlSa V l^lSl AAjAx^a 1 Ai'V 4 . Ujj n (JAaxll 43 Lai* ^jjjUJ W‘u,m S ^-^.1 S 3 C. «l 2 kj 3 

.(JJaxSI (jlS<J (Jjj 3 ,JI 3 j,W"II S) 4 ^Vi (j-a ^ 3 ^ fl.WnnV l.^jg 4 j (JJaxSi (jlS-o cJjjAj JaA 3 


I(JJaxSI AJUixi JaA3 ^ A-i*~ ^Illl S^-^Vi (j-oj 


(Pulse Echo) (j\s^\\) k^\A\ j\_^ 26 . 3.1 

Ju£. AijUall q& xn CjL-iajj 4 jjA ^Ic. ^ J^(Jjujjj l^jl ^Ic. ^ 2 — 2 V 3 ^ ^ 1 O^A SjSs ^Aj 

US jjjjJali S^3 ^ U JLtuxj ^jjjlS» jVI 4_laSj 4 ( x t lUIj (Jiaxll 4 Ini?*1 l^JLoj DiSCOPltiHUity (JUajVi ^»4c. JoAj 

. ^AUi ^Ji ^^3 CjUjjuo^II (JvU. (j-o (j^jjoi 
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(JUacJ L_flLuu£l^ j £jLoi]| — (jaixiLiJl ^ )\ l\| 


6 A 4 J 4_ij^£ 1I ASlkll (jlfl AjIaj ^ A_pj^ CjlxAafj Aic.j 

(_£A]| 4xjjuj ^jc. vLiia (Jaj <cjjolj (_)jI£II (J^l^ (JaIIj 4 ^>1 nil 

Cjjjljall i ^ j \ ^^9 L_LLuali^ 6 (JjCr 4 j Jajujj ^9 Cjj-q 4j ^)jjaij 
jjIjj JMjj 6 J>J! CjIa^q jAJ (Jj^aj^oll ^9 \AjJjuj (JvLi. 

^j_ij iiUoll 4-xuflJ jjIjj U£ c 4-<aAc. (JjjeJI J 


Figure 26-2 TDR 

i Aj(£jk CjjA-a A^JJ^ SjJjjJj lLsjA^. CjI *>iu\\ 4^p. L_l^U^aJ 99 
Aj.wMl 534^.1 ^Vn*n 4 x.LqjoJI ^^9 (Jj-qjj ^_£Al! (Jb&i x2$ 1 (JvL^, 4 _c-Uujj ^jj Cjj^^-iII Ia&j 

. IA^.V (Jjjiui La£ (JiaaJI (jI£a 1 (Jjj9All 



PulS6 Echo .ali ^V-xW Ao>\ i 26.3.2 

(jail jAj (Time Domain Reflectometry) cjL^I Lx« Jk. *1* 

. 4-ilc. IaiaII 

^ cJ&jj a_pj 4^\ cjLkxul) J\ cjU^II JIlo (Traveling Waves) ^^£11 cjU^JI J\ UijjxJ) ^ 

\Aj99 4x*jjuoJ CjXj1£11 (_)^J Aj ^aII CJvlx^a^]) is^“ A^~ ^ aIaj 4x^)juoJ A-iji^JI Cj>L^a^]| 

c 

V = 


Ve" 


^^9 4£Jjuj ^A C l~ n^v 

(JjjlSI SaIa] 4_iJjau]| 4 _i^IxujiSI £ T' tlua. 

49jLx_a1I IaaIc. 

4 hs\W £>JA Juc- 


jjarTi JaAill 6 transition point (J l6s\ a^c. 4_1aHa]| 4_^^a1I ^^ 

jL^jVI (J-olx-a^. (J^^J 4 lifln \1 Ua^JI Ia Ale. ^ Uoitl ^^ojuoJj . (_)jl£l] 

* jA A^qIc. 4 fl x 


P = 


Z2 — Z1 
Z2 +Z1 


4-LaAJ (_)j3 4^jIxa1I :Z1 

4-laAj Aic- ^>^51 4i jIjl-o lZ2 
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jill <joiAiA ; £j| c_jU£]| 

(J4-laflj XiC. A9jli 3 — 27 ^ ,3^ Lo^ Rf ‘Laj)\jLa 4_S (J^a*-ll <jl 

LS* 



Z2=Rf * 


Z 1 

Rf + Zl 




Figure 26-3 


Z 1 

27?/ + Z1 




I (jj£j L>15 ^2 — Rf — 0 (j]i Short lLjj. 1^ .Vta^ t 

p = -l 

(jj£j ^2 = °° cj_ 5 ^ Open Circuit juc -^ 

p = +1 

s^sJI C5^ S^2 ^a]| <^l]j ^Ic. 


Pulse Echo U j\^\ i^iWj 2 ^^ ‘ 26.3.3 

C±>\£ I jjj t Aj^iij AjtlLuo 4 ju^x\a\\ 4_2v^a1I 5jj» >(Jiaxll A^qjULq C_ul^ lil Ail ^Ijuj Lo^g 

. Aj^Bj A±2w^q A xj^x\a\\ A^s^21s Sj_u^ 4_-gjULg]I 


lJUL \^LsL l^jA\ ^paiuj (short circuit) j^\ aJU ^ • 

I^LsL 4^JI fjj^u (open circuit) ^ • 


: jo Cjlskjoll Jlial ~g»‘< jl (j^oj 
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(JUacJ L_flLuu£l^ j £jLui]| — (jjixiLiJl ^ )\ l\| 

l (4-27 JLa) Open CjVI^J 6 — *La^ULa (JjAj — ^y^asl\ CjVI^SI 

Shorted conductor _ 





\r 


Open conductor 



yv. 



Figure 26-4 


:(5—27 Jia) lJ3-^ *■ 4_-qjULq (J>Li. *^5^3 aJI^ ^9 


DART Analyzer or 
loo,-voltaic TDR 

Open En d 

l 



^ A^_ f 

Lmv resistance Mi to grcwaid * 



f\ r 1 





k/ 






Figure 26-5 


i^yxAj (_)4^ ajL^j l _Ajjau IjA ^ (6 _ 27 JS*s) ^9 cJ£2JI Ail^. ^9j 

. A A 9 ^ t Unll 



Figure 26-6 


620 















































7 - 27 CJvLx^aj .^ 3^3 4Jl^» Lai 




Figure 26-7 


.8-27 l£ 2J> ^ uj^ T section iJU 



Figure 26-8 


.9—27 L<^ yj& T section ^a 4 _L-aj (JJac. .^ 3^3 *01^ t L)^!i 



Figure 26-9 


\ CjUaj)*s \a 

i^a£- ^Jl (_£j| Short *^ 3^9 I \j8t.si ^Lojj y ^*]1 ^La^LLa y^ 4Jl^» TDR aIa^jjujI yyy • 

Lojuj 4£.LojoJI jl^ ^-ilaJjaU V 3 l)[yl j)\ ^jjovLs JI 2 W 3 J V aJI^JI c^Lj ^3 C-Lia> c 
^-llaljudj V 3 (jjAflaul Jlsw^J V 1 jJaj) dlia> JjMj ^j3 J 3^3 4Jl^» ^3 (JIiaIL 3 t 4_^3 a]| Cj 
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(JUaC-1 L_flLuu£l^ j £jLuill (Jj^alll — (JjjaL^JI ^ )\ ill 

4 l^^syLa t llr^j >L^ (jjolL^Jl cillj ^9 ^)lll)ll ^jl^. ^al,^*nul till.llj 4 4_s>ja 11 Cjjj-a ^Lgjoj 

. L-DjiJjll ^ic. IaIxJjuJJ vLl^JjaUi (jliA J^S-lll Ijlilll (jl 


10-27 (J^joiII L<^ (Jjl^ll 4-jl^i (j-o l^lj (jjA^aul Ujll (JliVl (> _ 5 -le Uj^j^ tilliA ^1 lil • 


.c^USIl Jl^f 


^jjjIj 9 ^^9 1 jJajl ^ JlagJ (j^AJ ^ ^ 11 (jl ^ *i»j llAj 6 



Figure 26-10 

L£ (JjVl I^Ujuj 1 \'6 \\j Llajl ^)jI£J1 4j1^j llc-j (Jlaxll lie (jjA^atil l~l,Wjn.i9 ^Ja9 l^.j 111 Lai 

. ^<2^1^11 4jl^i lie ^jjjl^aul l~I.WjV C_9 jjuo9 (J^jolJ ^Jaflll ^1 jj . II - 27 (J^joiII 



Figure 26-11 


13VjuAA l_Ajui^ 26.3.4 

Jluojl 4 )n*\l ^ju^ai-all ^ja^II (Jiae 4j (^ill (JjL-a^All ^9 4jj^-^ 4jla±j (JLujjLj TDR 

4 Lij >. tn alllxA (Jla*Jl IjI^j ^jjj c 4_uj^£xa 11 4 x>> nil (J jj-aj 4 v>i nil 


x = -V * t 


JjlSll 4 jI^J lie. (JlaxJl 4 lifl *i Ixj 4iLuaA IX 
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jill <joiAiA ; £j| c_jU£]| 


(Jj-aj-21 ^ic< ^ ^)Laojl Ax^Jjuj :V 
(JjjULaII 



. (JiaaJI AiLoixa 1 j \*°i ^Jaflj (_$\ J^xjj L_l&Aj A_ 2 ^ 2 I (jV 2 IIajuoS Ijjl Jaa.V 

.Aj^la ^aulLuJ (_)j^ A_ixa^lxxiJ V5I l^US Q^j 4-C^)jaJI (jlj 1 xAc> 


:TDR_\\ ^SiLLuA 26.3.5 


i (_]£Lu1a]| &aa Ji^jI 

Cjl^UajI <- " m < till jj (jiajVi (_gAc. (JjjIaaII (J£$LjjJ V (Jj^JI jLuJ-a ^£-1 x2 ) (J^Sall (j! • 

. JjtSIl jU 

^2 pja>. ^>0 jj£I ^2 (Jj>*JI SJlLa L-SytlaJ A_aAij dlj j AJiAj A_^2I jLouj) <Cjjuj AjA^j ^Ac. • 

A*_J (JiaxJI ^LcijULa A^uS ^jc. ^)iaj]| 0 uaJtJ d] j j A^jli AJiAj (JiaxJI v laA ^jl A~ivw\l TDR 21 £A laJ x C 

A^ojILq Ayu3 Cj2j 12 AjLiSJ CjLuj 12 ^JaxjV ^^ fiJj&idl ^Ax-all A_xjjAl]| Sj^J'^’\ Lol 4 CjLCa-ull 2^xa JaJjll 

(J-gju jjj-q jl J)l^a. AJajojj^J (JiaaJI A_ajUL2 A_ajjjAj]| A_xufi]l ^jjj12 c > A_ll_aJI aAfc ^ji 200 (JAaxJI 

^aJ! (j) ci_ua. (megger) j'sjdl jl^a. ^l.vvunl aJL^JI V 3 c — 1 jUjaAj o-^^j cjLjjUaJL 

A_xa jUL 2 AAlala. ScJjii ^Jaau Iaa (spBfk - OVef) ^jjjoAL £Jjj3j djAa. ^^9 c > nxxnj 2 12k 6 A]jj (^21 ^laJI 

.JLJI 


(^.\^a\\ ^Vjuix (Bridge) bj.\^ii\\ ^\Ad.ijuj\ 26 . 3.6 

^k Ld A-xijvUI Cjyljx.roj21 (J-gxj ^^2 AjIa 2I ^^3 . (Jia*J! AiLairQ A_JjuC AjA^j ^£.3 Sjiaj2l A^Jjla ^AAjjuA 

^ 12 — 27 (JiuJlj ^-Caj>Q 






< + ) 


(-) 


Short 


<M& 


Figure 26-12 




: a 212! AiybtJI (Juin (Jloat'i AiLairQ L-jLoi^j ^Aj ^J SjAainH jl^a. S2 j 5 Ak! ^JJ CLu. 


=b = 


2xLxReading 

100 
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(JUacJ L_flLuu£l^ j £jLoi]| — (jjixiLiJl )\ l\| 


(A) * 


l — lS$^ 

Lf = (JJaaJI 4iLaiA 
. JjlSll J \jL qa kijiA uaj ^ Reading J) U 

:JL 

^ jJajil * ' * a^lnidl Jjl?j {A.) j 

=PJ 

Jhs, JjI< 

*fr"~ -" 1 Shell 

3 


3?T* 




ijiiiiii ( + i 


h -^ 

I ni ^LiLS" 


(B)^ 


/77 


Lf -- 2 x 3000 • 30 - = 1800 meters 

100 

1 jhLoA At i = ^AJ ASai-all /jja {JJa*]|i AiLud-a 
Sfl.1^3 UJ^ U' (AJ AJaa^fiJl £ja ft Vail (J Jal Sac- j 

^ ^^ ^Si Jl L_Ajkij /jlSji L^ j&JlJ killi JdtJ j 4 X ^ 4 * _1 4J u c£jJ'1 ^ /\ f + & 



(B) 


J-h-L . Hj ,_Li b 

/T, 


t-i- 


jUi 


h -■” 

^ 11 hi JjI^ 


Short >■* 


(A) 


. j 

/77 


i_sLaiaJj i XY * Q^)]nVfl^ a^A ^3 


L f 


2 x 3000 x 20 

100 


= 1200 meters 


) J^a ) Y * • — (B) ^ ti^ aI) 4jUji,a 
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jill <joiAiA ; £j| c_jU£]| 


.%100 —^ 4_1a^a1I (_$\ %80 S^lak]| SpJjii (jj£j (jl AjV L_a|^laVl (JjX c. Aic«j 



Murray Bridge ^ 3 ^ S^Wi 26 . 3.7 

(jj)" xu" S^laiS ^>-0 4_!a*_-q Sjj)j 4 (_)jl£JI (JlaC. ^jliLa \ v>w "^ 4jjjjJa ^Aiil iSji^ S^laiS 4jjjj«La 

s^Lufl]) ^<u] <. <il^ Jin jjjaj ^Ajajj 5jj» ksy (J^>*]1 jULq u' l , 'y ip Wheetstone bridge 

. L_J^ilaA]| JjR\ ^ )oy~Tj 

(J\ L_JjJC^ l^JJJC- 4_j| V} cJ^AjouII ^9 4j^JOJ £-A ^+1%^ LL^k 4jjaUJ SAli^. 0jt±j 4jjjjia]| <A11 j 

. (JJaaLAll (Jj^aj^l jj^J ^aaLuJ S^laAS 

■ajj SJA ^ j 

L^SII (^JA 4j1^j (Jj l JJ 
^jc> ^jAx^a ai x>ll 

cijUt 

4 1 li W >v 1 

fjj J J^ai S)jb (jj>ia (jc. 

(JJJ JJ-Qjjlfll-N (Jja-^3JJ 

^jjjjn (3^)^ (jjpVl C5^i S^laAflll fiAA (Jj^aJ C 13 — 2V (J^joi ^-A^ 

4_jjj-a S^laAft]l (_) l.l£j Jqks-i Luij jja4_xu 3 (j j£j R|3 1 j R|32 jIaaII 



4ivl*JI £>AA ^Kn LqAAc. (jlpVI 3^"j J 


-R 7 


i? 


£?1 


+ Ry R 


B 2 


rtf = + fty) 


Rbi 

Rb2 


a&U i J/l£j ^1 J 


4i0l*JI (^D^ 3 (JC- (JJasdl 4iLoixi C-jLai^. (j^AJ cAHaI j L x (JjJaSI ^-0 L-LuAjuj R x 4 _ajIaaII 4_xu3 


L X = 2L- 


Rb\ + i?s2 
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(JUacJ L_flLuu£l^ j £jLui]| — (jjd-aLaJl ^ )\ l\| 

RQ 4_a jULall L-LujIjjj AILajj ^ £jJalaJI (JjAall L —SI ^ 

. Sj)a \sW (j|pl AJLa. (Jla*JI 4iLaixi (JjjIjS ^-iLaJjaij dl^Aj ^ 

<j\ _9 ^-iLuall (JjxJI ^LajliLoJ l^JJjULa d \a\ I j| 5jj» >>sy AILqjILq wlj Ua^, A^awj L_J^LujV^ IAA 

. (J^ia ^ (_)£j 4 <a)Vnx> 4_-ajULa l^J (_)^Aa CJvLk-a^all 



JJmJI j&l JJJAJI26.4 


;lg_La Jjj 3A]| AjAagll (Jj^jla aAc- dlliA j , 4Jt£^4 4iLlJ AAaJ V (JJaxll 4-aLuixA l^jjAflJ ^Jaxli AIjUjoII ^^)Jall 


i^as^a Surge Generator : c Ac*A \ jV 26.4.1 

o^\ 

CjA^-dj 1940 ^a^C- ALa 4j9j|^)x-a CjvIjI£JI (JUaC>l AjAaJi] ^ 1 4 27 (J^joi^ Cjlda-ull a] j-a J)L^_a. ^I^aduol 4jjjjla 

(_£pjaj La^ i j5i frSLuAL Idajl ^xuauJ .4jjJajVl Cj>Gl£il C- Al XMC* V1 SaLjj £-a Ij ^ laJ 
^j-a ^Jlxl) A^aJI (^A aI^aIIj l_9^)aj 

iAHa AxJ (Jlc. ^ a>J j^pdoJ ^aC jjIj ^ a ^)Ju-a>4 

jJjl j) (J^AJ (jc. (_gi ^aJJ 

jUla.Vi G-lgHjl Aau (j>4 4la.jail jj^ijj S^jjjJa ^<4 

4jjjjia]| &AA ^aAadujjj . J)l^aJI ^^3 SA^a^all 4^ajULall (JvLa. ^j-<4 
. S^jj^ (jiajVjj ^ (jAJ 4 _a jULall 4JLa. Sj9 >jJa]lj 


'• •? 


Figure 26-14 Surge Generator 


4jsI£ 4jI£J! ^ < sT^aW ^ 4illall CjjI£ 

^ JJaJI cjlfl l>^j^' Partial discharge dsl^V 

^Lou4 ^Ac. j 4_x^aLa. CjIc-Lajuj ^Jjia ^jC. fiJb-aj ^S-aj Cj^j^a (Jiaxll die. ^4 ^Aj 64j4a3 

.(jij^ljJlj L<4^ IAa ^-ajajJ lAlj AJ^juoj Ja^,>\j 4_3j^]| ^j^JaJ ^jl j (_)jl£ll 


3 4 jljuo ^ 7 - ^palflS *iV 4_adij 4_Ai*-da 11 (jl^-a (> 4| 4 _Lojj> 4 ]| 4^Ua]| 4 _ia^ 4j 

Cjjj^a Ja Iaju dilA Asu ^ (J'S dl 4 jjl 3 J Cjla^a SAC- ^Jl ^tlaJ AJLaJI cAA 

: aIaUJ) L^lA 3 c g"lSx> 4-jjSx>ll 4iUa]| CjLaia. ^jiajVl (JJaatll 


E = V 2 C/2 


. t 4 _x4JS G j dll Ag'V (_^LatJ V ^ c g'iSxt 4_jjS x>ll 4iUa]| E 
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. (. st\^\A 4jljuj jl aJoII ^ Lai 43Uall £>AA ^^all 

25 JJ 15 (j-^ ^JjJJ 4Jlc- 4iUa CjIa PulS6S A$a> Aj]jj Jc. jl^JI J-oauj 

Laic- ^j>>q^ JajuojXo]) A^-Jl C£Ll£ ^3 (JiaaJI ^ Sj_u^ 4_2 vjAj l_Luj1_Lq lAA (J* 73 La^a dilj 

. Ajjjlflllj 4_i]l*JI A^^-ll C-llJ 80 C5^i 2 L 4^3 ^33^. ^ ^ ^jlj 

L_sIjjuj>U <A 1 ]Aj (JjI£JI jLmxi JaJ^a ^JJp’ 3I 3]^ 3-a fiLixi A^^j 4Jl^» ^ AjjjJa]! fiAA ^Ia^JjojI 3)^ \j 

:4jjVI 

4jc^j]| ^LajLa]! (jAalfl'ViV Jaj (JjaaIII Ag^v 3 I SjiaiJI A^-aJ ^jLalaJI (jjajju 4_i]lxu^l I V 9 I • 

.42UJI A34JI £-a (J-abtAll 4_-ajvUI (jUaVl CjUaLn^l Slcja SjjjjJa ( *--<a aJL^JI aAA 

!aj^ £_xujjj V Alijj^a (jli JULj I^jujLjj aIaJj c-LJL 4jjA 1I Ja>LliJ 4_!1_^ J 4Al iLjlj • 

. LajjfLa Cj^jL^al) 33^3 


I Ig-xa&l L_J^JxJI (J^aau l^J 3I VJ (JUaC-Vl AjA^j ( J 4 Ajjla]l aAA 43 A 3-a 
(Jj^. < 3 ^. (J^P* J l. iu*nj JjISII J (JiaaJi (jl^-a AjA^j J Jl*J! Ag J 1 ^IaVumI • 

4 L^13 (J-aau ^-xujjj 4J3J 4 j (JjI£JI 3! ^jjoL^a3 (J-a£-3 (_)jl£JI 3-a ^Ap 333M ( J c > u^m Uua 

. SA^Jj 

3-3 J t oh\\ ^uajAJJ JIaL) 3 <> _ 5 -jAajjAaV 1 (j-o AjIIjlSI A^ 0 \Adjaj • 

. jAx-aS 

AjA^j A)>q f.l^Tysfi Axj ^jj V ^Alij (J^> 1 a 4 jj|^JI Cjij-sflll ^puAiJ A 5 ^AkjjaixJl A^Ji • 

(Jjjuuij]) A^j^j aJaa^j Asu (JjI^II jU^j) ^ c > iu*nj AS Iaa (JJajJI 

4jljoj j)\ aI^aII A^^v 4'sjn 4flj» x>i (JJaatSI ^1 4iUa]| 4_ix^ AS ^ • 

IAjj IaAju 4 V5I ^puaJ CjL^-g SAc. (JLwjj! JJ 4 Jl^J) 6AA J j )a^» Jlc* 

(-U^ ( >. \n*n A 3 4 ju\Tix> 1 I 6AAj c ^ajVl (JJastSI ^3^-^ 33^Ja 

cAA J!Lq ^IaVumI 4j\x>c. (jjfij lj\^c.j .PulS6S J! Jjj c > iu*n jI^jI 4i£J SA^ aJL^j cJJV 1^3 JJI 

AA^J) J\£aW L^UaII Aju VJ lSi^\ L^3>Ua\j ^ajAJ V LS ^) <J *3 J^Ji J J3L> >4^AklaU3 Aj^Jl 

.^Lo.u.11 Sp 3 V (Jlaatil ^Lojoj AJC3 6 CjIsLoia]! S^Jj 
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(JlAacJ L_flLuu£l^ j £jLai]| — (jjixiLiJl ^ )\ l\| 



ijM c Surge Generator jl^ ^ <J]a& <u <JjI£ ±c- 

Cj]j3 Jl£ 2 (j^luu V1 _9 j}j^ja 750 jl^JU t .41 4jt_w) (jU Laic* 7^•*H 

•cPls^ ^ ^ ,jjj ojpait^ 

JaJI 

E = (1/2) CV 2 

E = (1/2) (750x10” 6 ) (2000) 2 = 1500 Joules 
P = E/t = (1500) / (5) = 300 watts 


j Vaji.Lau'i) CjVc-Vaau 26.4.2 

JoAx-LaH \ v W "^ C_U^ 4 ^\\ A UU«v *\\ aJojujI^J 4»jjU\1 ^Ac. LAjlS JlaJtAI (jl^a ^JJ 

^)Laui cjLjJj-u Jjuojj <-** Surge Generetor ^xAilall ^ 

.(15-27 4^LgjoAI 4_Lljuj|^J ^ ^Lgjoj ^aJJ ,lic> ^ JaJa^oSl ^3 4 ^21 



Figure 26-15 cjl^LuuJl ^l.ikU 


t^lLuj (j-a 4jj] 200 (j-a (jt^lLuAI i_&La 4_ilc^ ^ mjL_ils (JIjaLujVI Uj^L9 

.(j'S^\a l-aL2) 4".^" , l .41 CjjjLull ^ 1 a i ti ‘ ~ j /j jl 4X. 1 a > .n l3^)ja 3 1 \J 
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j$\\ <LujAI& ; £j| j]| C_jU£]| 


^joillaUaLxi Aj] jJ ^1 c*1]a ^Ajjjoi (_)jl£JI (JaJA ^JaALd jljj ) g y* Aic« 4 j| Ua 

^)\jj AjiLa ^A aIjJJ Cj>LjI£JI (J^la jLoixi ls^“ 1 C5^ LS C_iaJI i_.&La jyc^ LaAjc-j 

(j'^\ Cjlc-Ldjojj l-aIaII J^Ja CjI^Ijo]! aAA ^Lgjoj c a! ^ ^n^-ilAx-x^l Jajl^'v ^Jafi] A >jVi 

.(_)jl£Jl (jl^A AjA^Aj I^Jloj 

.<M\ S^j^a]) ^A L£ l^_i]| Aj)^ ^ a\ ^tAaAjj SA^^x> ^JJC- ^A £jJaj>JI lAl_ia»j^ 



(JUaC-l l ol ^jc. 4 ^<u3 Ij^£jA>q Aij H CjjA^al ^oJjujJ (jl_kjAj a! 3 S^j^al^ 


iu^ ^ Arc reflector __\\ t&AjSa ,\\^.Iju!\ 26 . 4.3 

jila >i ^'... i 2 -« ( surge generator) Jl^ TDR « t^-..„ i (jjj £aaj £CJ>“ tS^ (16 — 27 L&u) 4iA^I e^A 
surge generator) J eA^ ■ i $A' TDR Jl jl^ aJ^. j (arc reflection filter) 

•( 
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(JUacJ L_flLuu£!^ (jjjjuuJ! J £jLuJ! (Jj^aall — (jjiJ_iJ! \\ )\\ 


C_l3^1! (_5^J 6 4 8 V TDR Jl (jl 4_2kjAl Ia^. 4 _i]lc. 2-42! 4 _-qjULq {_)^AaAjuA 4jLji2! £>AA 

_ll aJjj 22! (jj^a c Surg© Gan Jl I^aVu J !a! Ia^. Jlc> ^>1 u» 

C_l3^1! (jjoflj Jj 4 ^ajl 200 (j-o ^)*-x^al 4_xu3 J! 242! 4 _-q jULa (Jaj l**U'sj fault 21 4Jaftj Ajc> SUfg 6 G 6 P 1 

lI a-o c >1 *^ TDR Jl j 4 ^, 
i TDR 21 4jaiLai ^Ac> Cj2^2I ^jjjI^xjI ^jjjLJ 

Laoj! IJaj ^^Jl UjJ jv^wh 2£ 

. LliJj^a (Jti»\l £3 j-<& ''j w" LA^aJ 

(_^2I JUJ! a^^J! 4_l<^ (JIaj 4JjjJ 2I aAAj 
Aju faults ju £4 L_ii^Jj JjISII 4_S (jjajauj 
. 2J2! 2^*2 j SaIc.! 


^- IOICIIOX 


T^l 

N. 

\ 


ARM Filter 

activ* / passive 1 

v ■ x 

V 

SWG 

Surgo Njf 

Generator \| | 


aL 


Figure 26-16 Arc Reflector 


^juijAoVik k\ ^\,a4 Aj_ -i-ij^Vi A4»?. 26.4.4 

^2 !a!^ ^-jjjuuJIj 4 o-aL^ 2 l CjUjj^jII 2 J 2 ! jUaua 4 jjjt-o 24 cl 4 j 2 ^!^ ( 4 _^}^j ^I 2 ^ <- > 

. JjI£1I jLuo-o £_£d j4^, ^Ia^jjujI (j-G aj^Is cAJa j* nj" j 
!a& (222! ^-3 j/iuu jlA C5*^ -^2xJj ^jAajVJ 2 k <^21 242! AjA^A ^g3 4_ufl2! pA& ^»AAAj-A 

Iaa ^22! ^g,xjj2alAx^ jij^II 24-2! (jJJ.9 242! 44aj 2>2' (j-° (jiajV! ^gl! 22>& 2 ^ j ^ jU2l 

24-2! sajoi (jl 4 4^21 a l a^qj ^gxj2alix 242! Sajoi 17 — 27 2^2U ^ 1 2^ ^)1_2! 

0^431 ^_g3 I4 a!I 4JaAJ Ajc- (j-o 4_2kjL^J! 242! Jajli'V LjaJ^ t4i2! 4laftj Ajc. (j^AJ 2 

•O^Ljala 


1 rt-- |l 

% \ 

\ \ ’», 

1 ». *•, 

\ • 

% *», 

% *• 

[• 5 _ - - 

— f ^ \ 

--A.::::'; __ 


Figure 26-17 


j4 ^ ^! ^!aVum12 c JtJLj 

^gjua2aljx-<aJJ^2! 2421 l2a!£ 

j! a^J 2^12! 23^* 242! j 

4-2^ 2^ -^1-2^ 2421 

Jl 2^ J J! 142! 2^ 

4 J^UA! (jjaiuJ ^aJ 4 J 4 _^u 3 ^x-£ 3 lS! 
Ua^J! 4 laftj J! UL^aj A3 


^IaVhJj 4juj1j 3 ^[^-l! (J ^ 24^ c . \ Uti j 2^2! ^_g5 jl2! ^jLjjjuj ^jL Laic. 

jjlaj ^«ai (jj£a Jl JUAI JjLoj (simple magnetic loop antenna) 

Sjljl ■ ^»ali ^Al ^joAaljxAl (JlaAl (t j>a ^JaVI Li^Ai loop antenna ^LAojoiVI Jl^ ^ ll "u 
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j£ll 4julAiA ; £jl jll 


4_xu3 (Jaj <A1SaSj jIjj j g >a ^aA*A f3 U It _SI ^ ^nSoUx^SI (Jl'sxAl (JSjoi (, fl \"'nj SjjojIia (JjISSI c_3_3^ 

antenna Loop _> ^ILAI JU*U ^aVI 


Q^LISJI JAM Q|jLm 26.5 

^J| l^AfTp* 42 ^joiS S^jjS 4x*jjujj 4-^LiLq 4AAj CjXjIUI ^3 (JUaC-VI 1 _aLoASI CjIjLijoAI aAA 4jLiiaj 

(_)^»Ia A jl^l-^SI £.|^>U jj k ^uaxJ . AaJj (jlS-Q ^^9 4jL}La2l 5^-^.VI (JjoAJ CS^ csAi * 

. ^J^VSflSl SjLbuJ 


i_.fl.2iS ^jSaj l^ivLk (j-o 534^.1 5 Ac. ^Al^a. < ^Ac- ^ 4JWI JtS^VI ^^3 ) 9^3 4x.jxi~n xi I 4 J Aa*jj^ SjLjJI ^AaA 

: 4jl^ (J-al*ASI j Ln>>\lj 4AlSo AjA^Aj (JAa*AI 


A^4_a» J^Ujj ^jl ( x-ilaJjuoJ 4 jI Ajc- c aSA^j (j^Sj j'sjxAl jl^a. (J-aC> S^Ss ^jjoAj ^A I jbAkVI — 1 


jd 



Figure 26-18 o»ai * 


i^jjSAaSaSI + CjL-iajj aI — 2 
SjLuil (JLujjIj diL^ajj]! a! j)l^ ^ ^ 

^ajj 6 4lli* a\\ 0USI A^. 

JojLuo i^SI ^j£* ^)Jxj ^Aa-la ^uoj^j ^UIaSI 

(JL*SI (jl^G ^34^45 SjlflSI J^Ia AaI^^-cAI 

4 ALau 2 l L_jLal^ ^JJ US ^jVuSl ^gic. 

L_lLal^2 S^jlaL-QJ ^juOJ (_JjjI_ 2 Lq (^j-rQ 

aS jjg (jts La (j-oj c S^LaiV I 4 x*jjuo 

Aju 4AjJt-aj (jLo^ib (JjSjAaSIj CjLAoaAI 
. SjLojVI Jj A^a (jlSa (j-o (JlaaAl 4ALaixi 

r^jAjSljJI jI^a, —3 


SjLail JluujL (3pJI ^1-4^ ^ajAJ (JJastSI (jlS^ ^1 L_lAAj ^^jM^lfl^lSI + Cjl nil A>*) jl 4 _ 2 v ^IA^JjojI A*J 

4j3 c & Q\i (JlaxSI (jl A >jVi 4 ^| Sjljjai c & iWj (JJastSI (jlS-d Aa£-j 4 \l-i* x>SI SjlflSI ^Ac. Ia^ ^Jlc- A 4 ^ 

cAHj C_JjjL^aS ^)JJJtJ ^jl 4 ^ SI lAA C_LL 2 k^ A \\ ^Lqjuj ^aJJ ^jjJ^SLalSI _)l- 4 ^ (J>^* C )^3 
^1 (Jj^aj (jISaSI lAA ^)A^AI ^ _9< ^)J-g (Jj-aC' (.jAc- J3^3^ L^SSSI l~ nx 42 aiaJI 

4 _jl-g (J^IaASI ^jj (JjISSI 
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(JUaC-l L_flLuu£l^ J £jLudl! (Jj^aall — (jaixiLiJl 

<Asa (J-l^la Jj-oC- U^ -0 ) <£ ^ Gju ^ (jLa>U I “\W (jJJ-a 

(jl i^ja ^£tlj lAW \j ^jlijl S^bjjL-a ^jAx«aJ (Jjlc. 4_iic> j ^)Ijj 4_i3 (_£l (JjoaI 131 (C_baa]| 

4-^>lx-a| (JjS ^)Ax^a^]| (j>» 4lx^a3 ^aJ (_)jl£ll 


M U1! 

-4 



Figure 26-19 &cJ^-^ sj^VI 

SjIlJI <Ja.L (Surge 3/6/12 KV ) cj L^uI I (Burn unit 15 KV)jlu»JI jl^j / VLF jl^ 
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Figure 26-21 <. ®jS^21 



Figure 26-22 

_Si (^g-Sl Aj^stil l) 1*»* <»Sl <JA£II 1-g-j 

^ jLoiiSl ^gJi <*_aSjj-&ll CjI jIuj oAc. ALg 
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(JlAaC-1 L_flLuu£l^ j £jLaAl (Jj^a3l — (jji3_aAl ^ )\ l\| 

ri i itlll gAM <ydUA 26.6 

. S^Aakll ^AaAjuiV 4 _xuLuo ^AAalc- ph3S6S 4_ajl '^Jrt9 (t)"^ _ 1 

. (JAastAI AiLai3 4 _xuLoJI 4_Hal*JI j 4AjULg — 2 

Aj.wM (jljAJjJa UjA] AjAic^j L_9>LiJI ( ^Ac- (jAaC- A^aj LS"^ ^*^-9 COndUCtOT (J^^aj-31 ^ *^5^19 '^ C ' _ 3 

L_9vL*JI ^Ac. (JAaC. ^32^3 AiC- (_£l l Alj 4 <. 9 vL*JI ^Ia^AjuAj jl (JjL-aj-31 ^Ia^AjuAj Lai (jAaatAl 

. Jafia C_9>L*JI Jjj^Aa ^jC- (JAaatAI 3 vK" U_ 9^ IAI3 4 (Jj^aj-31 ^Ac« cJ^*^ ^3LlA (jjf3 (jl S^gjjJallj 

. (JAaaAl Aic. Cj^jL-saS) ^-Lqjujj 4^Loi 3I ^La^x-a Aj V cJAaxSI AjAa3 4 

trial UaaJjj 4J3I*s31 AAjjAaJ AjAa3l ^J-i2 L^C-Lojoj ^aJJ V 100 (j-a (J^i) 4 _^jLL 3I A ixt (JUaC>VI — 5 

and error 



6 (jjA^aul (_$\ Sjj jL^a ^^gJasu V3 TDR ^)»-AiJ V ^^ajl I'Njxt 3 ^>0 jLLAI 43 Ic. (JUaC-Vl — 6 

^Ixujj l^j ^-ilaJjaA (JAa*3 4 _a jLLa 4 _xu3 ^Ac-j ^oC- ^Ac. JalAa3 ^j3La C_3>^*) jIa3I ^3^ ^ 

jJajj Sjj) (_gAc> (j>a lxu3 (JaaI ^GAaxAl ^jlfLa 


l^j .iJ (_)AaxAI (JAaxAl ftAic- a^j) 4 Ajx 3 S^Aalflll ^AaJjuoj ^jj3jAi*-a (JAaxAl (j^ C_9>LxAI (JiAacA ^a — 7 

S^AaifllLi cAUa (j-a a£ 13I 1 i>>ijl ^3^-9 A*»>mjVI (J^A n«3l (JAastAI <jl ( ^Ac- ^jli ^ja! n^> 4 j>Ij 

. JA^ 1 \ (Jjfl Jaia (jUl<JavU 


cAHaj Pilot Gable 31 (J^AacA l_ 9 vI*A! 3^Aac.l (Jal ajliaj sps Iaaja^a ^jj s^aaII cjvLjI^ 3^Aac.l — 8 

. S^jj^ (jj£j SjaaII o3bl£ ^a (JAaaAl (jl^» ^Uuuj M-x^a^a ^jl 43l*JI a 34-^Al S^aaAI Cj>LA^ ^jV 
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; j^jljll i_jIj£]I 
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0/^J) 

♦ 



^aI qa — ^gk — j 4 c_jIj£]! cjI^jI c_i*_x-a) <j-o ljn*n ^>.nxj l_jU1! 11a 

. l^j^juaj l_jLujjI ULaJ ^jl (jjJ CjllLuaJli a (J-qIxjj (_£^a!I A^q jJai-a ^3 <■** v^~ ^)Al^la]l 4 

IjJaj) ^aiauj 6 vH-a CjIa^aI! A_^_nj A^JjuJL vW J tLl ^4-aJl ^ tilliA (jl Ujx>^v ^Aai (JIIaI) (Jjjjuj ^z 

?I1 L<Aj c Qj^ I liA (JjjjoJI (j^ 6 A^JjoJI (Jjl^ jj (jl ■ ^9 (jl 


c & i,hi (Transients ^ a.iajou La LojjujV^ ^)Aj^la]| £>1 a ^j-a o^j *^ 11a 

CjV (Jjla j jjj^j (Jj\^k"ll^ ^jjoJLj a_ij^£JI a_a jJai-a 

4jlL2\ l-sI^jVI (jc- AjjJaL^I CjliLuaJ! Azj^. 4j3 .Ijjj (_£l]| .lia^l l_jIj]| _^A 11a (jl c_jIj£JI I^J ^)Ia]I Li^yLiujj 
l_j1j£J1 11a (a _^i Ua cilll ^Ac. Jujj Lu£J 4 j&'jlM' £>1 a ^joiVI c^iLoixAl ja 11aj 4 

.^)A|^ial) 6 1 a A^ftl ^Lj-iallj ^Aa*JI ^lalxAl 


I (Jja-so3 4j>\j ^j-q (j l_j 12 I^ 

Transients s^jI*JI ^)Al^la]| ^j-a ^ja*JI ^_yay£±i (28 ll_j 12 I 11a u -0 <JjVl (Jj^aall • 

. A^a 

Power A_ij^Sj| a<u-\l ^Ac, S^jJ-all (J-al^^^AI (29 • 

^aj^a^jjoi 11 a 4 Iajjc^ cA^AI l^jjajAj 4>jVi System Stability 

.UU> (JjJI L_ilcJ ^gk JjjjVI aK juAI ^a ci-Li^. 4 ,^^'1 j^aLuo! ^ <j.w 1] 

CjL^|jj]| 5^)AUa ^Aj 4 _a£.1^1 ^g\z A^U 5^)AUa (30 (J^® 

. (Harmonics ) 
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; j^jljll i_jIj£]I 
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J nil 11 27.1 

spl Jl UUa DO or AO Supply •* slA*-a spl^ <_£l JJ <LJp^ Jjl^" ^jWnuj U£ 

: 

. jJuj V$ 4jj1j R,L, and C splJI jj^aUc. ^Ja <jj£j <jl — 1 
^IjjLg CjUsl^J (jc> Ijuxj 4jJjJI spa (J>Lk DC or AC C-Ijjuo Jl .^'Jl (jl — 2 
jplpj (jpta (jAilau ^fCxLj <-**ij'N. 4 Stoady Stato, SS * 01 ^. ^^a splJI (j^£j (jl • spl*ill 
Superposition, Norton, Thevenin, etc a^j^\ j%JI JJ^j oL>k>j 

.splJI JpJ Cy* $3^ lls* jJJIj a^JI cjLoi^J 

. LqIaj t oh-v ^ ^>*VU Transient ^jj splJI Cjj^ *Ul^. ^a U 

aJU j! Steady State, SS 4J£ IpjUi 4 <pUI s^L l^^piuj ^jAL J Transient jla aJaj 
pfcj 4jjappl 4 j>UI 4 ^jJJI jA-alic- I^jU ^Vmn 4 aj^£JI SplJI <jla (jiJUl >U ^ 4_j| p^jj 4 CjIjJI 
Ig Sn Wi V SS J! aJU ^ 4i±kJ> (jpipil j! VI ^ Resistance, Inductance and Capacitance 
a 1 \^> (jc. LgLgj asY\\a Transients J 4 j>UI jj^aUJI &aa aA Vk J <jV Transient J! a!\^. 

.Transients J! spa JJI s^jUJI cJpJI <^ 15 j sa* ^um\ 4j1 VumVI &aa <. i?hvi <Jj t SS Jl 

JJllJ aJU Jl JpiJ aJU qa cJIaajVI *l£t d>Aau Disturbance l^L Transients Jl ->&** 

(jlj . ^Ipllj A^-sJI CjLJSLa ^Jc. JtP Sub cycle Sjjp jj-a (Jal — (jjj IJlc- — SAa ^a AbY\~\a 

.4_U£ cj 1^ ^jAj J jll Transients Jl JUa jl£ 










(jj£j 2i Transient 21 <jV <^23j 4 jaI*2I (Jjj122I 534^ ^jWutn V S)jl*JI CJI34JI a 

50MHz ^1 (Ja-^j 2i Lo l^-Loj t 20kHz ^1 (Jj^ajj 0«1 Hz Iajj cjIaajjjj >\j>i 2ms s.l2 
1^ ^jjjuj Frequency response a! jji J\ cj>j ^Ull jl^ J\ )3aj <. GIS substations Jl 

. 4flKx> j I 4j^al_k 5)4^.1 J! ^^-iLlIL j 42Aj aAA 4_2 Lqj 



?SS- Analysis Transient Analysis __W_i 27 . 1.1 

<._a^x-saj 4joijjj Transient Analysis 2L <. s^aLo^I s^A*JI ^)A|^JaSI I^j 

(Jjij Iajuxs i C5^ jLjaljj c22^Jaj c_u^. 4 Transients 21 sps (J>L^ s^jI.21 

j fc ^ic, <> 4_2 U> cjVaUJ! c±i\£ 131 U . Transient Analysis 21 ^ oV^U-21 £>3 a j! 

2) (jl Jjj^aa>2l^ jU2l ^ jjJj a*j ^2j clAj&JI aJL^ C-iL^aj s^jUI ^j! 

. Steady State Analysis 2) aJU 1*% oV^U-21 uj^ * (4*25 W RMS 


LojIa (J^JI 4 A_iLjalflJ CjV(J>L^ (j-o I^JjojIj^ ^aJJ 4_jli IjjJaLj S^jIa (^1 £-1*2 AjoiIjA Aic. La j-gC-j 


.SS _2I aJUj (jjlaLia s3^ 4aLjaV2 ^ transient _2I 4SL^j ^ 3 ^ • u^^3^ Cy* 


£>A*\\ cA^M 27 . 1.2 

CIGRE ( International Council on High Voltage Electrical Systems) <> 5-aoLa iLJp ^ 
obapll ^ cjyi^j l$ja f> International Electro Technical Commission (IEC) and 

: ^ ^jjl ^J1 5 jjL*1 I 0I34JI 

1. Low-frequency oscillations, from 0.1 Hz to 3 kHz; 

2. Slow-front surges, from 50/60 Hz to 20 kHz; 

3. Fast-front surges, from 10 kHz to 3 MHz; 

4. Very fast-front surges, from 100 kHz to 50 MHz 
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J ,>121 (Jj^afil! — ,Jjj2_x2I ^ \\ \W 


: Jbll ^21 ^jic. IgJj^ (Jlui Cj!^j 2I (. gjUiO* ^aJ 



Prnni i r\ n/ Pnnnr> 

ungin 

rrtiguency r\dnge 

Ferro resonance- 

-O.i Hz to 1 kHz 

Load rejection 

0.1 Hz to 3 kHz 

Fault clearing 

-50 Hz to 3 kHz 

Line switching 

-50 Hz to 20 kHz 

Transient recovery voltages- 

-50 Hz to 100 kHz 

Lightning overvoltage- 

-10 kHz to 3 MHz 

Disconnector switching in GIS 

- 100 kHz to 50 MHz 


? Transient __\\ *ViiL\ cA 4 aA\ *W\ \iAi» 27.1.3 

5j^)£iLq caa Tjl 4fljg*\ll3 i Sjjilj cjVI^> ^Ac. /j>>* Ai lgx>^gj 2i L£ <-** ^2 Transient 21 AJL^. 

:4212l cjlijVi > Transients J! jli J1121 < ^j21 

(_$\ (JjAjoijj 2c. 1 

CjjA^. .lie. — 2 
s^! 2 ! ^ jjjju ajc. — 3 

reactors 21 2\.yCj cj>21£]|^ cjV^2Ij cjIa^2I (J >■ ^ 2 c. 4 

i cjV^J) (Jl^joii c j2£j 1 l^jc. ^jjjjoj C-Lia> AjL^aVi 2c. 5 

42lj jjfaJL (Jjj15j IgUoj uni-direction wave >j Impulse wave .a 
42lj ^^iLJli <jjAa} IgUaj Transient waves .b 

Ferro resonance J! cjVUj >jll oVU -6 

. 4oj121 > *1 )^V V] Uiaj >i2 V ljVI^ jjjju uLjJLii] ULiia l^j£J S;j£ja ljVI^I fiAA : JjIS JjJL j£j 

V4-2121 > J^Lk >~Vua SjAlIaj ^buAVi (AlaiS 

4 ^h21 > jU^jI I^jj^ ^^ic. c_j>j a5 4 _j( VI Transients 21 Igja 2 02 >1! sp21 yu^ ^cj 42 AjL^VI^ 
jl (J^3 liA (jaj . V Sa 21 aAA (J>l2 jL 2I jl ^21 > Cjlclijjl 4_aaa 
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^jljj 4 jJj4 jj (Jjs Ajli Transient -SI i^a ^l Ajjayu* cjIa*^ 

4jULi S-laj 4^11 ^IflJjl ^ jUjC-VI bikl Jij CjliL-alj-dl L_u£j JbSbj 4 Igj'c. lAjijbj ^>aI^UI & 4A 

CB £-SaljASI JJa dll Jjt-xij S^_^.l L-Ax-ajJ bbd l vlj-a Ua j . l4^A^ 4 _S S-Ig ^ ^)bj ^ 

.l^L^jj ^pl) max. Impulse voltage ^Jl 4^JI c_±^ LhJ Jj J^J^S' ^ l-lu^ Ja£a ^ c£U£I)j 



JU^I JJ (S- 1 bo-a 4jli^11 S^_^J is^ ^^Jl S^li^ CjIc-UjjI <- > ^ ^pSI Cjj^JI C5^i 

jla 4 jj^>^ Cj|^A Cjj^. 4jc. vHa C-iIqjujVI >^ix\ 4 4 jJa pLutk JbSbj CjI^JI s 4A <- 1 *L&Ia 

(Jlasu 4>jVi S)jjflJl <. flK*^ 4_xi4^JI (j^Q (Drives) —SI Jba 44jJI ( ^ 5 1 c« axu*j ( piSI (Jb^.VI 

. l^ibj ^Lkll S4UI 

Ujjcj Impulse, Spike, surge, pulse c> cjbJLu^ Transients -SI ^ b^Jaj bbA^ 
.Transients l^j j! c j£^ Lj*c. jti\j JJiSVl 6 1 a ^ JiaS ^pxJ ^jal^ 4 j4^j 

Ji* ^jjujLujVi oIjixJI I4J Uj Power system -SI ol^ JiS J£LL* c-n^ jl j£Jj Transient -SI jJb 
objjjlS Damping Lis jt ^Jai^i 4Jlc, Inductance ^ cJSij 4 oV^dl 

4_juoLoi^JI 4_i3 jjj£ 1VI C_)l4*_JI ^a l-^JAau jj£I j j£jjuo 4i£LUI j£S 4 4JUI Jj^'sSb jjbj 4a \+£l 4 Jj^jujj 4_ilbJI 

. Power SystemJI 4 -a^Io ^ ^aaSI cjIa*^ jl 


?Transients „\\ Ail\ c^\^A\ ^4 27.1.4 

^>-SI ^ power system -SI 4^ jS^^ ^ 1^)^ cA^ 3 ^S^*j 1 28 cJ^blj 

Jl 4Jl^. ^ ^aJJ 4 Ij^lj ^ SS Jl 4Jl^. ^ 1^ 1/^*1 ^aJJ 4 ^jbll pJ^JI ^ ^JaJ ^aJ ^jo^)1I ^ (JjVI 

.Transient 
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J £*121 (Jj^aall — (JjJ^ljal]| ^ \\ \W 



s 



L s - SOURCE INDUCTANCE 

U, - UNE INDUCTANCE 

l 7 - UNE INDUCTANCE 

L r - TRANSFORMER INDUCTANCE 

R - LOAD RESISTANCE 

L - LOAD INDUCTANCE 

NOTE SDUI1CE U*E AhD TMME^DTOEH 
F£5£Tttl=c a m NEGLECTED 


Cv - SOURCE CAPACITANCE 
q - UNE CAPACITANCE 
q - SWITCH CAPACITATE 
q - UNE CAFACITANCE 
q - )*FMR CAPACITANCE 
C - LOAD CAFACIFTANCE 
Ljy - )!FMR MAGNETIZING 
INDUCTANCE 


Figure 27-1 s cj! j$JI 4 -pUJI 


^gk 'LajlVl^a qa £.1^^.) 


4_aj 3 ^ lijjl i > ^ ^ lxu3 Cjj» >ro 1 a Cjhf^ydl 




. SS Jl ^ cM£a {Jk JUa! Umj Transient -SI cjVU> ^ 
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j 2 l <joiAiA ; £j| c_jU£]| 


j.jj.^2 27.1.5 



t AC Supply c> s12l^ cia 12 J DC Supply <>> s12l-a ^>$21 s>>121 c_ul2 *1^ cj^j s^>121 

. AC analysis and DC analysis Jjj 3 c£pi uUlk^ ^^u;i ^[yA\ o^j 


/ s 


yz= 


R 

W 


i 

njinr 


02 


12 sy >121 L_a^aj (jl DC analysis 2 l> a^L < Lj*c. 
^ Switch 21 voltage source uj*^ 

jjJaj 4 jI-1j ^ jl ( 2 — 28 (J2jJl ^ 2 £jJa^3) 

. 4 jjUa 21 JLq CjjIj 


Figure 27-2 


Frequency 4J;^ 4 j 12Ui AC analysis 21 U 

4-j ^ 12 s>>121 c_9jj-aj U j^.1 6 i>223 response 

^^iaVl • 0 jln 2 ! 12 j ^ AaY^A Cjb^jj c 2 i c 2 j Ijj 

Cjb^j23 4_juoLoi^ 5^121 k_aj*j 4iaj \Jiu J\ \^ r *. ^12 $.1^ Magnitude 21 ja ^j^lj ^j21 j& 

. 1 . 12 &J V ^1 4 jJaftiLi 2 l ^»1 42121 




V AO _ llj (j^£j Uj>LoUej 4_9^ DO -II c»j l ^Lqj a VI bLJ^ * (_jjlxa (JL-wj b 

-II ^A A j *'*"11 ^joUJ^II ^)A-^a- 2 l Jl ?£-;a 4jV DO -I laJI jb 4_ojlj J 4 _la&I plb& J <bkVI _3 

: Jllall (Jjau. Jic. >. zj& zij*.ja DC Signals Jl J VI AC Supply 

jUj Jj»-jull Sic. 4 j jai Capacitance and Inductance (jj±i Jill J^' _ 1 

jj^ja Jbllij t SS Current ^jbll^ DC Component JjVl : uj«>. <> uj^> 

. DC Source jJI JJJI ^_k Jails j • V DC —II 

l«j> t> uj^> jbJI Ikj ‘ Inrush current g-UojVl jk l$jli oV^a-JI J»kj ^ ^ic. -2 
jUill Ik )9 > » *tii! circuit response s^b J\ JljILj t DC and AC 

jl Jka DC Jl y=Jb yjWI Jib (^joj J-ua. Super Position Jl ^ki l^jii J 
.l^jia 0^ AC Jl <jaJL) ^ circuit response) bjib 4 Ipjxo Ip^a^o 

ja J11JI Ik Ua 4 j L . ukVI (»a Inrush current Jl eU 3 circuit response Jl 

. DC SOUrCe -^=^3 ^ S 3 J.JI f.bl kul^J ^1 ^baj bil ( _ s k jk'bll 
bjl V J Spkl ^b. DC Supply Ii. ■ b,l<a 4-oJalJb 4jc-L-a -bb. ^1 V. Jlk 3 

. Transient Jl jiib 
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^S^dUl ddl^Jl^ (jj^)Jlsdl j (jJJl (Jj^aJl — (JjjJjJI ^ \\ ill 

bj.Aa.\\ Ci\j.}b\ Ai\ki j^juax 27.1.6 

^jojLjjVI 4iiUJI ^jAhaa lAjAnaA (j^fL V TrSnSiGPlt Jl Sp9 (J>L^ CjIjLJI (jl ^_a^)xj (jl I As. Jl (j-G 
Lg) 4 ^ SS Jl a1\^> jLJI jjj-g (jc« Ja£9 a! Juia jJ x.'i Jl aA^9 Jj^g ^1 >Ug 4_jjUajj JIJI (_£A* *J (_^JI 
J J^T ^Aslaj c CjLj^JIj CjUJI J 4jj"-sJl 43UJI J-^Lj 4 j\ aC» ^£9 TTBPlSiGnt J! CjIjLj 4_dAau 

TransiGnt y^y±i J JIJI (jl ^ j Ia^9 cjLLg ^1 cjU^g (_^l I^j (_jjJ sJj cjas^ 

LgJI l£>*^ JULj 4iiUJI (jjj^A cs^ ^j^aLJI (JvIIaj L and 0 Jl (jV <JLj .Oondition 
(jjJj 4iiUJI AdAid (jc- (J^1 juia]| II jLJI U (. TransiGnt Jl ^JL^. (jc. JJJujJI 

.TransiGnt J! aUJ y. JjIaJI l$JI ^yu IJj 

JL ^-qjujj J L-Loi^. L, R and 0 Jl Ji ^Jc« LaLJ Lj^^jAjaTransiGnt Jl sa-g ^>.o^ ^ (JJa (jl Lg^ 

• L^TimG Constant 



bj.Ajt.\\ Lli\j.ib\ AeAl j \e\ 27.1.7 

I ^La 9 I JjjL Jl ^jJLg J i. -^oll Iaa 

uli^ cjULg I^j s^jL ^Jc> AC or DC A^y LI ^jA^aJI l) j*■ a^^a (ji * J$VI ^uiJI 

Lgj|j 6 jLJI 1 A^sJI ^IajjL Aj^^..x^xa (jJj (jl S^jjjAJL (jjJ 4 SjJI Cjlj^JI (jA 4_]l_^. LjJ (jl ^Ixj 

t& A*_)J ^jAx^aJI (Jjj^ajJ (jA JjVI CjUslsJI ^ jLlJIj A^jJI A^^a (J^joi JaflS c > inuTl (jl jj^-GJ 

• Cjlj^jl £)j^ jj^G (jjc^j ^judJI Iaa ^9 (jjdjAAudj .33 JL I^lgjoALg j)\ cjLJI aJL^. j JI s^jUI 


s^IJI Jc* DC Supply (Jjj^ajj 4^jiij s^jUI oljl # 
JIJI AC Supply Jjj-a jj ^^jgj s^jLJI cjJJ! # 


4j^jJI (Jial J JJJLJ -^>2^G (JjJ l^Ac. Laljj S^jUl CjlJI (j-G CjVI^ (JJJjAj l (Jj^aJI IaA (j-G jU| ^UoSIt 

j-^UI J IJlc'j 6 A^-aJI J ^UjjV 4-jjjuaJI Cjj/l-JI (JjjjALuj IajA^j j i I Ajk J LAojI j ; ixj Lgj|^ 

: JUI cjVUJI J a^JI ^UjjI JJjj a^JI cjIj^gj j! 4 Voltago surgos Jl 


4 JJI ^jc.J^JL 4_jL^ajM AdC- 
JUaC-VI (Jj^aB j CjjA^. CjUl^J AdC> 
Cdlij^JI (JjJjjj Jj-a9 Adc- 
SjdAll Cdl£p^Jl LgJjujV JIa^I JjjuuojJ (JjL-£a9 Ad£> 

CdV^JI Jjj-a jjJ Jjk^a9 AdC> 


.4 

.5 

.6 

.7 

.8 
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jill <joiAiA ; c_jU£]| 


CjIc-UjjVI (jU JjaII CLu^ 4 I^jIaJ AaLoJH SAaII ijui\ ^p.1 4jL^]aj JJLiLuJ! <. fljuAi 

t Over Voltages ^UjjVI * cAc.^-^ cAAj JJ I^ajjaaj ^-^Jl 4 _ajs ^ 

. Impulse surges l-aLUJI ^UjjVI j 4 Voltage Swell ^jUJi 

Voltage \$\c. 1 An s^jI*JI cAj^JI <ja cjVI^ • j}>>^s\\ IJ& ^ja cJIJA ^uiaII ^ys 9 

:CjVI^ l&a ]jAJjAAJ Uub jji Aa ^ ^uill 0^) drop 



cA^p^J! ^ ^ajjaII 5-^JI jl_p 

) (Jja^aH 4p_nj CjvLl^li ^ Ja 3 J 4 I! 

CjV^aII c > n^n Jl^pJl Ja 


(Jja bJal^j l j3Ja Aij 


jj^aflll jLj 4 -sjn ^ Ja^^J) JV 

Voltage Sags djj^J c ju ^ll uiLUJI Jaj^l .v 

jjojtJ) (Jj^afll) ^ Voltage Instability jI^aLaVI ^ja JJL^ LjaA u,hi Aa 4jL LJc. 

. Ia^ac. Stability Jl ^-^jja^A ^i*.xA (Jx4_J 4"n*\ 4 

W \ J \*"\W IJa ^[ 5 ^ SJIa L_Laa> LtfU/i") ^j>>! Q-v "iNf 1 j! ^lijjV J s-J ja ^3 CAjjaj]I ^jJaJJ ^Jjjuo Iaaj 

‘IEEE 1159 4jaA*JI 4jjL-a|^AlS l&lla AAjLuJI ^)A|^ia]| ^ja S^&Ua (_)£J 4 jjoj\ja]| ^ja]) 1 — 2S 
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J £*121 (Jj^afil! — (JjJ^ljal]| ^ \\ \W 


Table 27-1 


11 

EEEl 159-EN50160 Levels 



IEEE 1159 

EN50160 

I5H 

Categories Typical Spectral Typical Duration Typical Voltage 

Content Magnitude 




Short Duration Variations 





7 

Sag 0.5-30 Cycles 0.1-0.9 pu 

<1 sec 

8 

Swell 0.5-30 Cycles 1.1-1.8 pu 

No 




9 

1 nterr u pti o n 0.5 Cycl es- 3s <0.1 p u 

<1 sec 

10 

Sag 30 Cycles-3s 0.1-0.9 pu 

No 

11 

Swell 30 Cycles-3s 1.1-1.4 pu 

No 




12 

1 nterr u pti o n 3 s- 1 m in <0.1 p u 

No 

13 

Sag 3s-lmin 0.1-0.9 pu 

No 

14 

Swell 3s-lmin 1.1-1.2 pu 

No 




IS 

Interruption, Sustained >1 min 0.0 pu 

Yes 

16 

Undervoltages >1 min 0.8-0.9 pu 

Yes 10 min 

17 

Overvoltages >1 min 1.1-1.2 pu 

Yes 10 min 


cL u ill_a AjlLA\ Ajvlill (_yajc* Lqj3 IjllLuoj 















jill <joiAiA ; £j| c_jU£]| 




:SjjUJI Ulj^JI tljii j^» JjVI 

*>jil ^ 2uUI 5 jjU)I ulj^l 

(Jjd^c. ^^ic- t 4_a^]| <xu3j Jiui UdiSa jaixj c > u^n 4 _a2 S^jUJI CjI^I ^jl ^juaaH ^ Ja^vLkjj 

^juoaII ^ L£ ^UjjVLj ^jjjuj 4 _^aS) ^ jjjJlj i & v cJliiljj ^liJI ^juoaI) ^ 

^juoaI) ^ L£ (jialikjV Lj ji 




lAd djdid (jls DC Supply 


i* Ql>fell27.2 



- ^-7WV— 

S R - 



V _ 



■N V 

J 1 

1 c 




Figure 27-3 


jj|3Huo (3-28 4 JUJI &i& ^ 
4_xu3 ^-saSljJJjuj Umj t V ^Jl (Jj^aJ (j-o t 

Ale. V/R ^A ^ xilic. 4_xu3 (. jIjj 

JJ C5 ^ Exponentially ^ 

. LoLqj (. ^puoi ^JJ (j^ 


c. (j! 4_i]tl]| CjV4 aF\~\~\ (, (J>Lk ^)Lnll c ( ^Ac. A^JI 4_xu3 (jj£jjujj 

(^,^1 XlC- (jj)^ ^ac. ^jl£ 


V C = V(] - e-‘ /RC ) 
I c = (V!R)e-' /RC 


RC =1 


| (j^a (jj-3 4 4-28 L &s ll (j-« LaSj 

SS —Jtj (_>‘ a ^-^ J& (JjSM ejaJI 

. Transient -5' * _> ^ j^j* Exponentially —II ^ >31 j* j cs-^' * >3' j 


647 

























^S^)jLJl dj|^_ll^ (jj^)JujJl J (j-aUl (Jj^aJl — (JjjJjuJI ^ \\ \W 



Figure 27-4 


i Transient JL Jl *)aJI a!^ ^ RC ^ill culSIl y* Ay L1L Time Constant Jij 

aAj ,1 4H<u3 (j-o %36 ^1 (Jj-saj] Exponential curve aJ^xjjojj <_£j]| l>i^^ 6 A ^ j 

Jl jLull 3^ui Jj^Loi Time Constant Jl Jl (t) <>jJI ^Lui cJ^j liU .( e" 1 Un^lL 
■" jLp 4JU ^_3 IajjAJ dl*ivlj Jj >Uq TC Jl <JUJ 4.../a'^ jg > a .Iaj UJ & L ' t-ajjj (e ^ j % 1 3 
finiyb dm a^JI SjUul Transient JL ^j-^UJI sj^JI Lj^jI i~o\ U ^aj .La ^joj-JI <, aKLH 

• V (j^UaJj SS JL <j-aU2l ej^JI (_£^ JjJJJ ^Jj C_l3^1l 


Time Constant, TC __\\ 27.2.1 



^UjiJ 4 cjjoj ^_£AxJ UuLU TC Jl jiixJ 


UKa . AJux-o Sj^j fijjL Aju Ajjalxl JL Jl 
CjjIK UK ^UjULJI jl c fljKJI 4 _aj 3 dolj 

-28 lI^JI ^ LK a^jUjjojI lUk, f lkJI 


.5 


Figure 27-5 Different Time constant 
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j 21 <joiAiA ; £jlpl c_jU£]| 

Urf ©>tU (jJf DC Supply Ait *iil>&ll 27.3 

1_&UL jlpll (jl (_papJ^ 4pt2l CjV-^L-21 A a^^") ,^>^3 LJ&UI jlp 4 _aj 3 j)j£jjaJ ^6 — 28 All^J! 

* ^ £,Jpl Akj j)lS 



k l = Ve~^ 

/ L = (VZ/?)(1 - e- f/ ^) 

L/R=A 

^ Time Constant J! i^s J\ La 
4 J j^jjj L/R ^Lojj R-L Circuit J! 3JU 
R-C Circuit iJU ^ <2 jS 2 ) A >j!L 
^ LpaJ ^UaJI C±jIS L2S 4_ajULJI 4^ap Ciia jl l2L2I 4_aj 3 CjJj LJSa JULj ( ( RC ^LjjJ j)l£ 




.AplpLuJ 

(^L 4jc*alaJI X/R ratio 21 4_Aja aAj^uzj pp I3L2 La ^)S2 
Time Constant J 2^ ^uaJI j! pij jVla < a<LA 

4SpJI 2J 4 xjjuj (_£Aa jjC- ^axj SpUL (^j-aLaJI 

. SS J aJUJ 

^Aj IaA-i^J jpja. ^ja 2j^a UjLoj Lpj US jlpS! (jl 2aa»V 


Figure 27-7 22-*^ 4pp spa jj ^a ^au i^jjoa Transient JL (j-iaL^JI 

2jJaj 2i IJj Time Constant 21 cjUc-LjaA <jA j)jxA 
. 4 lAja ^ R and L Jl p?Vn ^Jlj TC 21 ^a c,n^ J 


jaLuJ source 4 J <2La (jpL (p jlpll jta 8 — 28 2^*21 2 pj ^jjapl spUl c_ia1c.I p 4j| 2a^V 

^aJS c> 4^ua j)A Iajj ^21 Transient 21 ^jlp ^a Jaia . 1 ^. 1 ^ ^lp Lj 2 uP^ p p j)Aj 4 SS 21 2>l-^» 


. jftk-all 


^j]|^ t Jl cjiLJI 4j^-JI <sUa]l (j£^ui SOUTC© (j^J Transient Jl (jl ^-J^JI ^Ja^XJI 

. <J£i]l L£ Transient Jl aJU. I 4 ** ^^jjj l# u^>“ 
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Figure 27-8 


Example 22.2. A circuit of resistance 10 il and inductance 0.1 H in series has a direct 
voltage of200 Vsuddenly applied to it. Find the voltage drop across the inductance at the instant 
of switching on and at 0.01 second. Find also the flux-linkages at these instants. 

(Basie Electricity, Bombay Unix.) 

Solution. (/) Switching instant 

At the instant of switching on, i = 0. so that /R = 0 hence all applied voltage must drop across 
the inductance only. Therefore, voltage drop across inductance = 200 V. 

Since at this instant i = 0. there are no flux-linkages of the coil. 

(it) When t = 0.01 second 

As time passes, current grows so that the applied voltage is partly dropped across the 
resistance and partly across the coil. Let us first find iR drop for which purpose, we need the value 
of i at t = 0.01 second. 

Now, time period of the circuit is X = L/R = 0.1/10 = 0.01 second. Since the given time 
happens to be equal to time constant, 

•/. i = (200/10) x 0.632 = 12.64 A: iR = 152.64 x 10 = 126.4 V 

Drop across inductance = V200 2 - 126.4 2 = 155 V 

Now, L = AO// or A^<t> = Li 

Flux-linkages Li = 0.1 x 12.64 = 1.264 Wb-turns. 


tjJ* AC Supply 27.4 

z. sl^a v = V m sin ^oot +0j a! AO Sourc© <jl 1 

f\ SS + Transient : 2 )^a LaajI Lo^ ^ R+L l^j 


I = Is + It 

Oircuits _ll ^IjaI IaxL SS JL Lola 
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(_£ j$\\ 


m 


V 



c m 


> 2 +^i 


ffl 

2 Z 


4_Jjl^j]| A jj9 j>^3 


i s = / m sin (tor + '?-([>) 

tan ^ X l /R (_gjLoijj (j& jliill I^j (_ 5 * 0 *~4jjIsJI Circuits _JI ^c.l_j«] '°<t- 

^sVn V Ajjjjjjic- 4_xua <jj£j *^J SpUl <j| L_9^U^aj 4_ijljJI Jixua 4* 4_>jljll La) 

. 4<uj S^UI ^ 


^aaLixi R-L Jt 4il^ LjLjj La^g) Li^s Transient _JI LJ 

c_uIj]| a ^\^>\\ jLnll _9 • io ^^Ln 4 ^u5j Exponentially 


i t = / 0 e 


-t/X 


/■ / = / m sin (co/ + X Y- (j)) + / 0 e 


-i/X 


4j| IjjJa^S t—0 Aic. Spl.^1 aJU (, ^HSI Jaj|jjaJI ^.l^Jjudj AO _JI ^)j|^ lo 4_xu3 LS^ 0 (J 

:4_i1L1I CjV^L_a 1I ^ L*£ l 0 4_^ja ^^ic. n>i I = 0 c_ul£t = 0 4jc. 


0 = / ffl sin(T-^)+/ 0 /. / 0 = -/,„ sin( 4^-(b) 

Transient _JI ^ ^L* \) 4 _xua]| I 1L&j 4* 4 _j^Ij]| 4_xua ( ^ 5 Ac. l-asjju l 0 4_/ua <j) (j-a 

. L^JJJ 4^uS 90 (J^LjjJ (^LajJ 4_3jlj 4jc« >lLa dijis (_)a_ 5 S^UI jlc. 4laa,] C_uSj3 ^Ac* 

jLj 4^ua ^j>i ^aSI l—lujoII 

Lj^i L£ cjnJIj 6 sin wave Jl <> 


A fl\~ 4. /\ l" \ \ L-x. \ Jiic. (J) Lr-Nf ) 4 _juj|jAj 4gl'i'N a\\ CjVUJ) AaC> (JL* \1 

LjjJl>w 4la^L sajij jjLj Transient J! jLp 4^ua (jl 
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j ^ \\ \W 

(^LujJjuj ^2i jlnl] ^LalaJI 4 _LI*_a 1I (jli Laj^ac-j 

i = l m sin ((Of + '?-<]))- / m sinC 1 ? - <|)) e~ 1/X 

= l 0 qj$z ‘" iln*a 0 = T tiulS j] t=0 .lie. 4j| Jia.V 
^ Transient (y^k IjjJl] (jjfL jj] lijl ^ in «i ju*a 
JLs <yaJI CiJ^i ' t 9~28 j}^(J_jYI <yaJI 
.0 - 71 = ^/2 uj^j ^ Transient 
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jill <joiAiA ; J jll c_jU£]| 


djjLUl ulj^l ttf\ j* yjftl |4Mdil 

OfaM ^ tLjjj? awi 5 IjjUUI ulj^l 



. Ia^. s*kJ I4J J 4 jLoijj ^.aJl J ajjjoixJ) c Transients _!l jl i sJ*AI caUI 

(Voltage Surges ) JL lg*nxu*n Jc. l_9jI*iJI aa 4j| VI jIaJIj ag Jl ^^ijlAjl J ^Jaj IajjjL jl Jjj 
^^ kjjau 4 jjjjJI ^-JJI i^uaJtJj . ^ Jl SjUA ^9 L^jJaj jj£I IJlc. jja I4JV a4jl J Sal^JI Cjlc-lijjVI jl t 

. ^jAjall 6 Aa jc« ^_uaj 1 I " ag Jl CjIj yOi' ^ 


fliijl 6>&1627.5 


I^-Lq (_^a!I 4_a jJiAa ( J CJJI c>Aa CjjA^J Saa^lLa l-jI ujj! lJLaj 


. 4_ia^)2l JL^aV I 4Al^. ^A i-A j^V I ^Jl^Jlj 6 AJjUa 4_i<. 9j|Ja <- > \ u ^ Uik La 1 

Jl (Jj^aj a .jib Jlc- . 14 ^. CjlxAak .Jjjj n% 4 JA-Aull cAjJal 4jaAb Surges Jl aJA c^OVi aaj —2 

: 4_JtJ| CjVUJI j^- 3 L^ 6 kHz j-a CblA Sac- 


( jj|.J} JaJ (JjxjojJj (JUaC-VI (Jj-a3 j JbjAi. CjUsl^J AA 

CblfljfLJI (Jjjuujjj (J x ^ Jlic. 

jjJI Cjl^p^JI UluiV JU^VI ^UaJU (JjJLjalJJ (Jx«o9 Ak. 

CjV^-JI (Jjj-ajJj (Jj^a3 Ak 


-I 


^3 L_iix a*n k n Cjbjj^o J CjULo ^Ac- CjIax-g J (JkuJjJj jl (jjj jl 4-^lc- 5 jj ^ «aJ jSlojj 

.Jj^iJI IAJ A^aLJI J LJA L£ c Voltage Surges djjAa. 
a^^a Ujx>-v ^Aau L$£a 6 4 _j£jj1jjujVI cjIAuAJI jAj Surges Jl oja JbjAaJ lUIA l-djoj AllAj —3 

^jadjl y 4_xu9 ^_9 jj CjIA^juJI 4_ia^ 4 x>xh^v Jc. ^£Jjjoi9 S^L^juj jl c" Jc. (jLoijl ^joiaj ^jl 
(Jsl ^ ^ 4A I Ala ((j^^juui c 4_jl^ ^sjoiJ! 15 kV ^Jl (Jj^aJ ^a9 ^Jl 

cjIaxaSI 0 uaAj JVI (J^ ^i^aJ A_al^ (jJ j aa 44^4^ AaUa ^Ajj 4 A^joA 1 Discharge vw j liA 

CjIAslxJI aJA (jJjlAk (jjAII ^aLkjaiVA 4jjolJIj 4_^jU^a CjI ^|^| ,^Vn lAlj 1 14 -uuJj aa jll 4kjjj£JVI 
. Jl Anti —Static SaLa 4 jjJajVI 4 Ak<~x* a ^uajJ^Q Jjj ^jjdJj (jl Sj g > Aa jxi 


653 
















^S^AslS! (jj^).ul*ll J ^2211 (Jj^a 2 l — (JjjALu 2 I ^ \\ 21 

21 S^Ua 2 jjA^ ^ c > I Utnj Uui (Jjlatil ^A ^)L^j| Cj>L^aj-21 ^JaA 2 jjA^ (j£^VI L-AjjojVI — 4 

_aCu"\i ^jjoAJ (_)j IxAJj-o (j^f2 V S^I^VI 2Jl^2l 6AA ^A AAjjII (j! 4_laa*>La FeiTO TSSOflSriCS 


Voltage surges _A\ a*aAs 27 . 5.1 

^ SaU. CjIc-IajjI ^ cjj >rtTi >*i 4 j* nSLj 6 lAa* £Jj_juo Ja*_xu c & i,h 1 Ag'sll ^A SaL^. CjIc-IajjI j) CjLjJafj 
vHa 4 _aAj 2 I l ^»\1 4 _Sl^. (Jj^aJ ^^ CjIa 4 _ 1 jIa 4 iUa ^jc. Sj 2 c« SUTQ 6 _SI fiJA j . Ljajl ^jLnll 

c 40 kA fi^AA Jajuij)J.xu 200 kA ^11 (_L-aJ AA (J^) 2 I (_£a 1 I 6 V _SI (JjjXo SAc> ^11 

(J-al^C> SAC- ^lc> SurgBS SI aAA ^)jjIj (_£A-g LJJAj-Uj . CjI^aII <. aVT SAC> ^^Jl (_£^VI CjVUJI (Jx«aJ 

: l^_l^ 


Max. 
100 % 

50 % 



Figure 27-10 Impulse Wave 


4 Rise Time ^L&jVI c>j *1 

4_a*^ 4Ajjn >tn ^_£All (j-^l ^Aj 
^<2axll 4^uftlS (Jj_x-aijll A^_a2l 

1—2|JS jjl >"jV 1—21—c.j t 

.( 10-28 JS 22 I ^ 1 . 2 ) 

V I2lc^ 6 ^-^>3-21 ^I^a l>0 * 2 

oaxjj t 50—100 M s 


21 ^a 2 a 2 I JIaJ! laj ^aII 10 _ 28 < 2 ^- 2 ! ^a a!L<ua 50% aas aa A^aJI 2 ) 3 ^ 
1.2 X 50 j;n*All Iaa ^^Aa-o (jl ^ (>j) Voltage surge/ Impulse Wave 

4j. n 3.ilI ^jl j"41 (Jjl.1^. ^9 j£ L~ . l 4lolS]l 4jk^JL 4jk^JI &3A a> n"^g . (pS 

.Ua.V cjl.^J]lmpulse voltage 


.Ajjlj jj£L±a (JS] kV JL Gradient *3 


o 9 A Jjaju (jl 3 jV CjI^xjII (Jjl^xB i CjIaxjII ^glc. Surge -II ^)jj\j 4 j>IjII ajftll 

.JljJI ^-kLJi ^ Basic Insulation Level, BIL Jl ^-\U— Aj^j a^i cjj^L. La ^ 3 .AnijiJI 


(BIL) Basic Impulse level __i s.^ \sU 27 . 5.2 

Uj . l^LaaL ^gic- SjJjL j) j£j 1 * ' l^aJL 4_ljl^JI CjIc. UjV I sAA (JjJ 4 . ^11 Sj^j^-Vl ■ L ■ ajj LJL l_ls-j 

l^lxiaAj ^1 Surge 21 (_^j^aAll 4 ^ua1I 2 -^j c BIL 22 <. a^xj Lq (jjiLal oljLuj-l (Jjc. < _ s JI ^Laj 
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(_£j2l <LulAi& ; £jl j]| 


j-^bLAI ^lAjVI Iaa (JiLq (J^^Ti jl i > 2tLAI (Jaiuj ^Ac. a_ij^£JI CjV^-2L <. a_ij^£JI CjIa*_a1 I 

Tob/e 27-2 jl A^joj 


BASIC INSULATION LEVEL AS 
PER IS (2165- 1962) 


Nominal 
system 
volt kV 
(rms) 

Highest 
system 
volt kV 
(rms) 

Impulse withstand 
volt kVp for test 

One minute power 
frequent volt kV (rms) 

Full 

insulation 

Reduced 

insulation 

Full 

insulation 

Reduced 

insulation 

132 kV 

145 

650 

550 

275 

230 

220 kV 

245 

1050 

900 

460 

395 

400 kV 

420 


1550 


680 




1425 


630 


Reduced insulation is used where system is effectively earthed. 


j^AiLAl ^ \l ^aL^OA j-G ^^A^Ja 

b (Jj)«s aII (_jAc- j2b CjLiLqjl^ 

. A^-ulAL l ** A 0 ~<«\ \ 


CjvLjISj vL-a ^a 2 j^ a 3I jl£ liU 
JLlJ jlfl IaII A^^JIj -v \i 

4_^jU Surg6 Voltage a^ja] AjAajj u 

Ia^» vLiJjJa jb^J AA2kjl_^, b AAC>L^a 


3ai^Ax^JI jA Sja 3 lb c£>U£ll jV 


AjuIa ^bVHM> In'SJ >L-a^A (Jj)^ aII jl^ IaI Lai . Ajjl 3 aII A^JI SAjoi (Jdlflj ^Ac. 4 jjI^AI 


AjuIa jjJajJ (jl L_L^Jj . 4 _i j\La 1 I 2 j)«s aII (Jjc. S^A 3 ^_y a&kj ^ajuij aSL^JI aAA j 4 (Jjj^xAI AjIa^J jc-ljj-a 

. 2j)^ 21 j)A j^AJ La C-Jj^l j <■** (jc>bjk-aAI 


^ic. djlg^rob^AI jl VI >LL-ia (Jbb ^ ^ A2LAI Surge _3 cj>LI^ 2 jk -‘ a -^ < 3l 2^^ 21 0 uajju 2Lii2 ji ^c»j j 
Jj c3jJI jijh 2 _iJ <^2 jSl 4 Surge arrestor ^jL (NEC article 280) 2^21 2^* 
.vLa Switching 21 4 >jVi 2 . 3^-21 2 j ^ a ^ jl j^Aj ^ 2 ! aaLL^JI aj^>II 


CjI^jjoi ^3 a2LAI aCjIajlaI! 2^^" <—ajj-aj2 Ajj^^iaII a^jjoAI 4aa^jja2I ^jaII ^L»j 3 — 28 2j-^Ab 

:(jjLuJI jLo^\l ^3 a!aI£ 3I Aa^2l ^IL>^a ^_^.Ij) aaL^AI aj^^II 


Table 27-3 LLvi <■ . caI^aII <. qj^ jj 
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j (j-alil!! (Jj^aall — ^ \\ \W 



J.1 -n 1 J^k. 

j> jLTk-1 j iiiijJ Xa qJ^llU 
KV rms 

JuLJI 

jJjLi 

KV peak 

KVm rms 

JfaJI 
KVn rms 

X& 

ye 

1 T 

u 

O ■ 

1 Y* 

Yt 

YY 

vs 

W- 

r% 

rr 

\ t* 

X\6 

V T ? * 

\i 

rr- 

ee * 

i Tr 

\ \ * 

TV* 

1* * 

\ £* 

VfY 

tv 

^ fl « 

Y £* 

Y Y * 

1A« 

1 00 . 

as • 

0 * t 


: j ^lijjvU 4 jjjouJI S^jIslH AsY\\aW CjVI^JI (jjjj-iLud Uu3j 

4_j\j^aVl 4_Ila* .1 

(Jjijujj j (JUaC-Vl (Jj^aS j CjUaaJ Ale. .2 

Cjlij^xJ! JjuujJj Jj-aS AiC. .3 

5jjj£j| l" ^\l LaijuoV (JLaa»Vi (jiaxJ (JjsuujJj (Jj^a3 AiC- . 4 

Ferro resonance Jl oVU .5 
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jill <joiAiA ; c_jU£]| 



LIGHTNING 4*8jJI £« «iUJI OjdLaJI mI>AII 27.6 


V&jAS yk Vx 27.6.1 


^a£jjj ^)_jaiflj . L-L^—joAI ^Ac. AA 3 ^^ a\ 1 4_AJ^£j| AiiUa]| ^ja aAjI& Aja^ ^jc. Ijj^a Ijaixj (JAaJ (j^J! 



Figure 27-11 aiI^uCIj cA k &\ \ 


dl£j^J lAjJ-Juajj CjU^CAI £>A& 

CjIjA 3 4_j^Ia^l 3 C.I 33 JI cAj Ljj <jjj 

Laa c 4 _jL^ _uJ! (a ^i S^^aA ^)LaxJ 1 

<ja A_Aj1_A CjI ja< j_^Ja A_Ac- l_ljjjj 
Jc, A-ALoJ) CjU^joJ) 

IaJJJ 6 AjU _Jt (Ja _Jt 

6 AjU _uJt ^gicl LS* 4 c ^lia_£ 

l_l!I _uJI 

^ Aj^jaA cAi^JAl AjU^J! (Ji_ ujI 

^ic- A-I^ja CjI W Ai ^AaJS ^jiajVl 

Uuu,v (11-28 l£^) 

I aaj 4 4jL^-_uA1 aAjUaA a_AUA! ^aLaA 
j§ AjI^JI ^jjj {A^JI (jl Ci C*j 


^Ij^jVI ^ ^ 2)^ i^s _'V it&A\ n IA& ^jjj c^JI (jja jlj IAIA 4 k ~^ (JAaj ^ ^ 

. ^g, jjaIIj 4jL^joJI (^jjj SjIjjoj Sjj)^glc> a cl] jj^jj t“vKu^ ( 3x10 6 V/m = 30 KV/cm^ c-j^A] 


Cloud 


Cloud 


Cloud 





Leader JL ^_9jjtj Ia (Jj£jjj AjI's >uUj aAjI^AI Aj^jjJI jjjtb ^jjtlll ^k AjL^joAI j^L^-aII Iaju Ll^a 
(J|pV ajUuJI UAUa ^k ^ja ^jjIja]I ^j^A A IAa Icaj 3 12—28 (J^cAl ^k Ia^ Streamer 

CjUaCttlU 6 Caj (j\ ^jAc' Spli 
jLnll > 1 x^ 33 A ^jLaa 
(_PajVl <>» S-ljjSJ (J*^ 
Aj' (Jaa>Ij Ia-Ijc^ 

CjU^AAI (Jfljjj 1 ^j3 ^joi^ 
SCjaa CjjIS ^gUl! Aj^^aI) 
^jjaAJ c^lUnM i_y^J V ^ 

Jl A»un C^All ^J^all 

Leader Streamer 


Stepped^ 

Leader^ 


-Leader 


+ +4 Return 
^+Lstreamer 
+ + + +W+ 4- + + 


(0 


00 

Figure 27-12 cij^' lU'^ 


(«0 


Sj]^jaA! u,h 13 AjL^joA) ^gA aJLuJL (Ja Aj^jaI) CjL^joAI JUadj! A^jn (JjIa u,h 13 ^gic-vU AjiAjja 

.(J^jIIj l^jAtn’i ^gj]l A ajA-i* 11 
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dll^Jl^ (jj^)JulxJl j (j-al3]l (Jj^aall — (JjJ^LaJl ^ \\ ill 


JvLk J-OJ ^311 jlnljj t V J! (j-o ^jJJvLo SAc- Jl Jj^aJ Cj13 4-1jIa 4_ij^£ 4311a <jc. SjLc. &3 a 


sps ^as 6 a^_^J1 4_2w^g ^.Ijj 4 x*jjuo lAjjAjLd ^ 40 kA 6ja3 JsuuojIaj 200 kA ^J1 2 *• a3 <3^)21 

a3 ^y\\ uj^ 50 — 100 |JS V t 41 aj 5 Jl J^j .^>'1 uj^ 1 — 2 ms 
Voltag© _11 10 — 28 (J54ill ^Jaj <_£311 (Jx.oa 11 ^LaAiLa ^^^21 3^3*21 4Axu3 ^ja 50% aa3 

1.2x50 M s It lift ^ij J (JLai £ <>j).4ic.L^aJI h±Su aIjjj ^pll surge/ Impulse Wave 

• ( 


j.a\a 27.6.2 

4jjc.lx^all CjL^aj 131 (jAajVl C_1>L^aj-21 ^ja (JjjlJI 4_^l^ VI £JJAl 21 SAxi ^aCj 

c213 jc. giu j "impulse transient" a^JI <^3 gjU«u\l j^tAll ^s ja^ ^ jd^l .4_J1 

. Sjaj^ A^-aJl ^^9 SaLjj CjjA^. ^11 ^ 4_ii^£J 1 (Jl-^^Vl (_4| (J^l^x«all &3 a jlu jj 



^lA^ajt^al ^*j(~~- \joijj Ajix^aJ 

^IfiJjl Ja^JL 3^)21 4jjc.L^a 

4 Jaftj A^a* aU. ^ )^*\1 


2jj 4Ac> LuAj L<ua alAlaj^aVl 

Travelling Wave 
J£a) JaaJi i\j4j 

AjI^J Jl Jj^aJ (13-28 


c JaaJl 4jI^A CjI h*\A Ak^ d)la^21 £>3a (< jjo^jljj ^aJ 4_1jIa 43 Ua 4K ^i lg-x a 4_LaLa. (jjd^_aJl ^ja JaaJl 
,4jlaj$\ JaaJl Aa jULg ^9 l^IisUa 31aTh2 A >jVi l^jj3 4_aj-21 AAflj ^ 4_Aa*JI 


(jjjLd (_4! a^JI ^ jU. ^IajjL Direct Strokes s^joiIia]| ^ja 13a 

(JjS CjIA^joJI 63a ^-JjAJ ^aJJ ^aJ 1313 6 J^-^l ^ 200 Jl 4_lllc- jLp 4 _aj 3 Jl ^iljJaVLj AjjIj \j^AaIC jljk 

.^gJOl (J^ ^-oAj ^jl (j^AJ CjV^-aII CjIaIa] 

^I^jVI cJjl^ Electric Arc (_>*^ (Jac- ^3 <- > *y Ja^Jl ^3 jI^J 1 43Uall &3 a ^jl l a& 

43Ua jl3 Jsl^JI (jjai^J (. ^alAlaj^aVl 4JaAJ 4 _ajja11 (JjI^lSI (Jjoa>Laj (> _ 5 3c. LgJjojV JaiJl 1 $.1 jj1 

CjI*_^)AJ CjjA^, L—LUuJj Ja^Jl ‘LqjULq (JvLk 43Uall AIvL^AujI ^ > \ u ^ (Jj-^l 431 ^aa 1 Cj^raA 1 a \& < o* xiaJ 4ogr.l .^>11 

.(c_j\j£jl ^>-g ^_j\iill L-jl^l ^^L)) Jjli^l ^4^>a11 Arc Gaps J1 (J>1^ 
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<jj ; j^jl jll '—jUSJI 

(Jjl Ju Ljl ^CjS 4 Ja 1.1a* (Jlsti J 9 ^J ^ajAJ (Jj)^*<all (jli (Jj)^*<all Jl 4jjc*lx^ill (Jj*^aJ La.lk^ 

^.i* J Jaija ^ x«a ^>L£JI IAa j! VI Turns Rotio J! ujaa. (j^Lll JI.£jVI L_ulaJI ^ Ji (JaL 

X L = 2 7T f L 1.1a* 4_2lc* (Jj-gjjuj (Jj*s a\\ <jla 4_2lc* CjLjjj J^a^ AJLa. ^a Lai 4 AjJaitaJuall CjLjjjII 

1 aYa ^ ttn)oljjLxij| diaJI (J>L^ (j-° (JtJ^I (JlSkVI 4^C-U^a]| ^jJaLaij Ja ^ £ j-<aj . JLAI dijl 4 > nun 

. ^jl*JI .^Jl £-a (Jj^k^'l J cijJLaj 



coupling Jl JXl ^ ^lidlJ^jll Sk lJlJ >U 

cjUj^U ^[5 4 14-28 tjm cjULJI (Jjj capacitor, Cl 

(j a (_gjjlj]l i—ulaJI J A^-aJI S-iLj Jl (_£Jjj li* J Jl*JI .lijl clsli 

turns ” cjlilll Aie ^j I^ja 4_3l 3jlx 2 l dul^ ^Jl ^ja ( Ja* ^)j£l 4 _xuAj (Jj)^*<all 

.La AAjjlaJ ^KLJI aJlA (_)a3 ^aJ La "fdtiO 

ground conductor" ( ^jJajVI (Jj^aj^a ^)4C- (_£ja*VI 4^aJI ^Jl 4 ^>\\ jLj j (j£ja*l (jJ 3 .la^J La^ 

^A ^5 (j^aJjLl! ^UaJ Jl Jjc-ljj-a]! jLj l^AJjia ^jc* (Ja*.k (jl (j^-^l (j - 0 (_JI djja-<a]l <j-<a cilL^a "p3th 

. "dottod linOS " 4 Lfl*ixall JaJaaJI ^ja ^.Ic* Jjjjla 15-28 (J^wll ^-da j>q 



Figure 27-14 



Figure 27-15 j^l ^L-aJI jlij 4 _j jdj 


Jia* l^AJjla £Aj ^Jl S^_a*VI 4ilS Jc- Sj<a2L<a Ji Jl 2l^-aJI £_ajJ l^jl ^C-J^all (j£l_jua ^a*Al ^aS ( j_i!alLj 

j-qVI 4 dl]J]| (j-<a t_9V1 S-k^ < JI (jiaJjLlI 4^ajaka CJvL^a^J c- A^_aJI La^ . CjLa-juJI (jl^<a 

.4-<aJaixa]| <.AY\) 4-jJa ) J^all 4_i3 jjj£ 1VI 5^-a.VI 4 fl\"l L^A]| 
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j (Jj^aall — (JjjALud]| ^ \\ l\| 


• i^Vji\\ ^ diV^ijui js.1 \_S 27.6.3 

Lightning errestor ajuL* <._i^jib ^ilill a^JI saLj 4_ij^£il cjIaxaSI ajLo^. ^jj 

. (Jail! Ja^» LS^ LS j '^S^^ c ^Lh ^Jajujj^J (Ja^I Jajjln'V 4 jL<^. ^aJJj 

1 ^ j\c« A^JI jjaTn Jjjuj 4 j^vn ^jje. 4 _ajULq ^jc- Sjluc. 4_Lal_jaiJJ ^jc.'j l^>\' */\\* \ 4j_jui1]Ij j 

Jaj A^-^JI ^ ^Ujj! lLjA^ Ale. j l^j r-j-o_ uiaII 4jaUJI AAle- Ia^. bj±£ lg“xn3 (jj£la 

A£-2»J! CjIAx^oII AjLq^. ^JJ cAUaj ^ ^jAajV^ 4 jjj^£JI AW ^\1 L_Uj_ juoj ^Jj (_£AJj La^a ShOft (J-qjuj 

• (lLC jUa^a L_s1j 


66 A^^ (Jaj Jak vIaaS Ua*jj V Over voltsge _1] 4 m a 4_xu 3 4J A^jl 4 _ij^£JI 4^n~ill A^> (_£^ljaixi 

. IEC 4jjuoLia 1I Cjlflj^al^il] l&ila Cj]^ 3^L^ 325 A^sJI SaL^I 4_aj 3 ^ ^^3) (j^£j Cj]^3^1j£ 


u^ajj . 220kV c-4^ surge Arrestor J asxI] cjLLjl ^ 4-28 JjAaJlj 

. (JjA^JI )AA CjVUJ) aA& (JLq c.gjt^Tjlll A^Ij 4 
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Table 27-4 ^ ^ 220 (JcOjj^I <*jLa ciAix-alj^ 

Technical Datasheet Offer number: 27051032 



Attachment 


Siemens H-Pos: 100; 3EP2 214-3PG43-1CZ1 


System Information 

Nominal System Voltage (Un) 

Highest Voltage of Equipment (Um) 

Basic Insulation Level (BIL) 

Maximum altitude of installation (a.s.L) 

Neutral system earthing 

Power Frequency 

245 

1 050' 

1000 

solid 

50 

kVI 

kV 

kV 

m 

Hz 

Electrical data 



Applied Standard 

IEC 600994 


Rated voltage (Ur) 

214 

kV 

Maximum continuous operating voltage (Uc / MCOV) 

171 

kV 

Nominal discharge current (In, 8/20 ps) 

20 

kA 

Line discharge class 

4 


Long duration impulse current withstand (2 ms) 

1 600 

A 

High current impulse withstand {4/10 ps) 

100 

kA 

Rated short circuit current (0,2 s) 

Maximum residual voltage at : 

65,0 

kA 

20 kA 1/2 ps 

574 

kV 

5 kA 8/20 ps 

463 

kV 

10 kA 8/20 ps 

492 

kV 

20 kA 8/20 ps 

541 

kV 

40 kA 8/20 ps 

591 

kV 

500 A 30/60 ps 

399 

kV 

1 kA 30/60 ps 

409 

kV 

2 kA 30/60 ps 

428 

kV 

Temporary overvoltage for 1 s 

246 

kV 

Temporary overvoltage for 10 s 

230 

kV 

Energy discharge capability - thermal 

10,0 

kJ/kV r 

Energy discharge capability - impulse 

6,50 

kJ/kVr 

Switching Impulse withstand voltage (250/2500 ps r wet) 1 

1650 

kVI 

Switching Impulse withstand voltage (250/2500 ps ? wet) 2 

1 175 

kV 

Lightning Impulse withstand voltage (1,2/50 ps) 1 

2 394 

kV 

Lightning Impulse withstand voltage (1,2/50 psf 

1! 800 

kVI 

Mechanical data 



Height (H) 

4 860 

mm 

Minimum creepage distance 

10815 

mm 

Number of units 

3 


Weight (G) 

294 

kg 

Color of housing 

brown 


Specified long-term load SLL (F s m) 

1020 

N 

Specified short-term load SSL (F dyn ) 

2570 

N 

Grading ring diameter (d) 

1 800 

mm 

Distance from grading ring to top (1) 

1 400 

mm 

Drawing number 

ETHPAR 27051032.0100 



(d>ilJj| gJal^d J*.W.y$ Jridi) JUm*I J«Aa js <^UJI qI^II27.7 
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dll^Jl^ j)J^)Juj2l j (JaUI (Jj^aJl — (JjjJaJI ^ \\ Jl 

4_j^al^JI cjIa^aII ^1 cjUa]| ^^b Power System 21 Ajj'sJl 4iU2l jjli (JJac. Sic. 

I^jB 4.JjljjLujV1 4 l ^>11 Jlc^ ijjlJI £_laB 4 _Ja£. jli jjAj aAjIa 4_ia^ ml AiUoll £>jl& 4 CjIjulaj 

4 a^ 21 ajiA 22 £-L_i*JI ^JLj - 4 L^Jujij 4-iflj^j 4_1 jI^JI 42J2I cAA j)A (j-ala2l 4 jojC 

sja. <2 La 6 4jUsBI j)JJ SjI^joj Sjj A^a ^ 4iUa]| £>4A ^aJax a i2yl^J jujI 4_Lkl,B ^aJJ l~n*v OB ijjUl ^Jali ^Ac. 
Travelling Jl> C5 a J aj U j! JaJI ^ Oscillatory Surges ^ L A\fu»s 4 iU 2 l ^Ja ^ j^l 
TOV ^ 4 a jlViJI ^-v ^2 CjBJa ^UjjI l^jc- 4_jV I^jB l_i^cja jjc. 4-Aac. £_22L c^j Waves 

.(Temporary Overvoltage, 


4^jJJI 4JbI£a S^L JaC- 4_2j£j (JiaC. l^j'c. cl 


4^jjoi <jA sjaJ l_a.A jaj (jaij 16—28 

C.B. 


© 


e = E m sin <u t 



C.B. 


L 

^nmr- 


© 


M 


C= e 


Figure 27-16 



j|^—Restriking 
voltage 

Fault 

ft -'Recovery 

current^ ^ 

\ voltage 

\ 


-Current zero 
instant 


I Jja CjLaJJaj^axAl ^jJo* n IaIa (jjfL (jl C > 4 aj^£ 2 ^Jal^^aJ (JjojUIj 

jL2I 4 Jac. 22 ^JaUI ^Aaj ^21 ,^^21 ^aj Arcing Voltage 21 ,^'v 

Restrike 4aj2 ^jaj Loll ^.Ul 4aj2 

Transient Jl JAaj ^aj 17-28 J£JA> ^ L£ Voltage 
4 JaAij jL2l ^aj Ld^jc. ^JaUI ^Jaj (_$'A\ Voltage 

System ^ — / \_y 1 • 

voltage 
Figure 27-17 

4aj^£]| 4ilUl JjAjjj 5jlc-J 4 -^jU S^JI d jlAj 

. IaAvI^ A (Jl^ a]I (jA >1^ 4jja. aII 

L^aB^i 4 ajb >>> (JjL-aj 4 B 4 jajb (J^joAI ^b Ia^ i w sjkl ^aLujj Oscillation A\ IAa 

IAa (Ja^Jj £• ]j^ls u' 3 > 15 4 ^q j)laI aJ 

(j£J (Jjj^ajjll 4 _Aac> s^lc '|_5 (Jac> ^j^aj 1 a (J^Aal ^jajjujj (jl Oscillation 21 IAa (J^I^-laj 

(j$\ Overshoot J! IAa ^ s^jll 4 J£A 21 Jkjj <. L ^m ^ 4 ix J j a ia i ^JalilL s^^aI! Losses Jl 
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jill ; £j| j]| L-lU^ll 


^Jaa 4j\x>c> (JjoiAj (jl 4_JUuaJ ^jijj ^UIj^ CB Jl L_al^lal <jjj (JjjJI ^)jo^ ^-3 



cul£ Cl U ( RRRV C5 -<i J a J j) Restrike Voltage Jl \^1 Rate of Rise Jl ^ 

.V ^1 (_£>aJ \y* (JjJI jjud£jja! Sjj^JJI 

s^UL ^UJI Dielectric strength ^ Rate of Rise of Restrike Voltage, RRRV J! Ji£ jia 

. jUI ^Ja3 ^ ^JaUI (JjaiflJj (JjJI J ^JaUL ^AajjaJI 4jjUI 

Oscillation J! aa£ 3^a JC£j Recovery Voltage ioj§ sac. RRRV J! 4^a u&jLj 


Current i 



Figure 27-18 


J CB -Si ^2a (_)j3j (JlaJI JjAa. Aau 4_j| Jaa*V 
JaJI Jlk j<au>i (JiaxSI ^)Lp (jV 5 jjJ-q ^jc- Capacitance 
s^ta ^ (_^ajVi ( Inductance -j (JiaJI^ 

4_i^ (JjJa-a aSjJI ^a lAA . (JjAj V 9 

Pure Inductive luj& jlJla Uj 6 4Ja> 4SjU* ^ 

90 -j .^>11 (jc. jtJI JtJLj 4 S^jIaSI jULq UIa&I 

18-28 c&ill ^ USi^p 


Arc Voltage jJaUI ^^a^L hja 4 JJ J) Arc Jl (J>La jtJI CB J! ^Aa a*j U 

. LJlgj 4 _xJa 2 CB Jl ^ jjjJI ^ 2 JjjJI jIJI JjjUl (J^jJI ^ La£ 


Ajc. 


A ^jjjL^alaJI Cap Jlj Ind Jl i£ CJJ (Jj^J aS^JI ^a> ^£_ladl ^Aa Axj^ AJaaJll &A& Al 

(JjLjlI AAjA l^J S^C i-*--® lA^J JtJLij 




1 


2 k JLC 


Jl (> Ujj li^-a CB Jl .-al^y (jjj ^LJI jjjJ li Restrike Voltage sUi j$iy JUly 

.Uj£i US yjlJI Oscillation 

: <LUJI (> Prestriking Voltage , u Jl 3-aJ U 


v = V 


cos 


(w)] 
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j ^ \\ \W 


L (series inductance) and C (shunt Capacitance) a^j <. j-Ul' ikaJ ^=J > Jiaj V 



.^jauL-a ^^ 0^(3 .Restrike J! cjj^. 1 J j£ 6 Restrike Voltage J 

Example 19.3. In a short circuit test on a circuit breaker ; the following readings were obtained 
on single freqim\cy transient: 

(/) time to reach the peak re-striking voltage, 50 ji sec 

( ii ) the peak re-striking voltage, 100 kV 

Determine the average RRRV and frequency of oscillations 

Solution. 


Average RRRV = 


Peak re - striking voltage 
Time to reach peak value 


50 p sec 


100 kV = 2 kV/p Sec = 2 x 10 6 kV/sec 


Natiu al frequency of oscillations. 


/- = 


2 x Time to reach peak value 


2 x 50 jli sec 

1 


2 x 50 x 10 -6 


= 10,000 Hz 
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jill <joiAiA ; ^2/1 c_jU£]| 


Example 19.2. A 50 Hz, 11 kV, 5-phase alternator with earthed neutral has a reactance of 5 
ohms per phase and is connected to a bus-bar through a circuit breaker. The distributed capacitance 
upto circuit breaker between phase and neutral in 0 01 pF. Determine 

(i) peak re-striking voltage across the contacts of the breaker 

(ii) frequency? of oscillations 

(iii) the average rate of rise of re-striking voltage upto the first peak 

Solution. 

X 5 

Inductance per phase. L = —— = — 1 -= 00159 FI 

F F 2tt/ 2tcx50 

Capacitance per phase, C = 0 01pF=10" 8 F 

(/) Maximum value of recovery voltage (phase to neutral) 



nc 11 

= X V3 =8 ' 98kV 


Peak re-striking voltage = 
(ii) Frequency of oscillations is 

f n = 


2 E_ 


2 x 8 98 = 17-96 kV 


2 Jt VZc 2 Jt 7o-0159xlO' 

(iii) Peak re-striking voltage occurs at a time r given by; 


= 12,628 Hz 


t = — = tt yfLC = n Jo- 0159 x 10 -8 = 39-6 x 10“ 6 sec = 39-6 u sec 

7 f 
* Jn 

Average rate of rise of re-striking voltage 

Peak re - striking voltage _ 17 • 96 kV 
Time upto first peak 39 • 6 p sec 

= 0453 kV/p sec = 453 x 10 3 kV/sec 


CB <_a\ £o\ j\ Cy* (jji© 27.7.1 



Capacitive switching 2! oVU 

. 19 — 28 ^ IK jUa 


/ 


Figure 27-19 


(Jjjjuo IK S)l^ A4C. 6 (jVi 

*UjlU <J>U. ^-qjjuo Arc 21 

^jjIj ^ l_ijju2I jU2l Jaj JUILj 

UK arc 21 ^UjlU c_i2j UK^ . s/)22l 


.Ua ^)KI 4xijjaLi j s/)22! jU UUj j2aAjj 4-i^jUJI *UjliL2! jUJI jlKI c_i2j 


fiU (f U-iaLij <■"'F (jl Restrike Voltage jiKI *UjUL2l eU Ua2 

(j^Ujj ^uX\ s^jUSI 0I34II 
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dJ j^Jl^ jj^).ui*Jl J j*UJl (Jj^aJl — (JjjJjuJI ^ \\ Jl 



f = — 


2k \| LC 


9 9 

4 iTC 2 



0 5 v'I/C 


(^LaJj ^LgjULJI 4 -xJS C±jl£ lilfl 


C_llj]jJ&VI jlj ^Jj^al ^.^jJI j! 1-1^3 

JSJJI ^ L£ Recover Voltage Jl jjUjj jl 
Critically ^jjaj s^l^l jl (JULjj 20 — 28 
ds^j V ^1 4^11 Jj^jII 4iU (j] Damped 

. CjIjIjj&I a 


CAPACITOR SWITCHING QldrtSil J«M £« ttiUI Q|>All27.8 

CjVI^-oj a^JJI CjVI^-g ^ S.lpc. CjLJji^jjuoI l^Jj t 4 _ij^£]| (_£^l *Lajj)V^ LlojIjujI IjuVic. CjbftiJI ^jjaj 

^ j! ajjjj! cA££JI L£ . Power Conditioning Jl s)$J c >j a Power Quality s^l 
Power" SjSol I lUU^ ^ ^Vn t n ^[9 "Reactive Power" 4 ^liJI SjSslh ^j^l ^IkJI 

. "Factor Correction 

^Vu.n U£ (JtJI cjIjabI^JI Jj^a diUialjJI ^_lJ aA^hi^li Filters Jl j xuj^ 

CjUjjj£JI S ^^.1 j-ajJaj ^ 4 _i 3 ^£il (_^a!I (Jaj l_jIj ^jawVI (J l «aJI l^c>l^jlj FACTs Jl 4 ^ 0 jlVi^ j^jja 

.l^l^L Converters Jl ^ UuaVj ^1 

Jl (jl j^oj ^Jl IJ ^5 Fixed Bank 4 _xJl^ Sjj j^aj w >t ^9 4 ^jjuJL ^jj cjIa^xJI q^-xx^ 

.^(Jj^aJI IJa 4 jIaj ^a TC Jl ^aj)^ix> (^-^lj) . l^-La <j^J ^1 4 ^jAJ Time Constant 

Reactive Jl 4_La£j lft±la ^ 9 ! c 4^n~JI ( ^ic. (JjaVJI (jg^iuuJ lft±la ^^ 9 ! ^ Ih,ojj ^jj ^)^VI (jia*-JI J 

g>JI jV Overvoltage ^Jl s^Lj sy *Ua 4 _JI l-jjjoiiJI yt> ^Jl li* j 6 l$j 4 <u :JI jI^I J^JI Power 

.^gjliJI ^Jl l&-° cJ^Uiui c jnnj V JtJUj Switching 4 _J iN,kj V JjVI 
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(_£j£ll 4julAiA ; £jl jll L_Aj£ll 

Ale* CaAAa \aVx 27.8.1 

jl a^JI J ^UjjVU I 4 IS J*jj ja Ja sac. Capacitor Switching cA££JI Jauag oLLc. Jc. c_jjjjjj 

:<JIUI Jjjjoj Jc. ^Oscillatory Transient djjA^ J ijn>m 




^ajj <■ jft^xJI (jl <a 11 J l-ujoJIj .c aV^cJI (Jax^sjj 4 Ja^J Steep Front Surge Ja — 1 

J Short Circuit jl£ jl U£ 


4 e-A-JI 4 JU1I Ji^jjll <- > \ u ^ <J_u-ajjll 
a*_> jSl Damping aL*J Iajj ^5 

UaA AAjPlj 4_Jlc. .^'v 4_a*j-a <A1 Ua jjj jl 
5^0 4_JLoJJ hjA 4_Li^> Q l^JjLall j)J j9^ LjIjIj 

CjI^^jj 4j,Wx> (J^JIj jAx^a-JI jjj 
Jl aAA jl L£ (Jjj^ajJI 4_Jc. Axj 4_Jlc« 

A 42 JI Jc. jAsj Travelling Wave 

lAA j A^-aJI 4 _aj 9 CjLjalftAJlj CjIc-IajjI CAA^A9 IAaLuJ SjLaiVI L-Lua. Sja ^Jajj S^o ^ \, I 

•21 — 28 L&JI J %170 Jl ^ 5 ^ 4 nflxJI ^jaJ A^JI jg L^j J c > in Jl ^A 
1 j 4 ^JjoJI CjULg jjj 4iUall JaUJ 4_^n3 5)jlc- CjIjIjjaI c Aj^JI (Jjj^sjj 4_Jc- Jc. c_jjjjj LAdjI — 2 
. jjjll 5^)AUa CjjA^. L-Uxh~~ j| j^oj CjIJJ jJI sAAj CjIJJ jJI j-a IxjujI^ ^_£Aa 4_i1a*JI 6AA 4 
CjV^-aII ^9 (j^Ull ^jlAbVI l_ijL^JI j-a JU1I A^JI (JaAjj jl CjIa^xJI jj 4j\x>C. J j-aj — 3 
^9 J^ 2 xjll ^jt_uUl A^aJI j Jc« Igy xa'V ^J-Luj CjUxJI aAA jV ^_n£ull j-<a ^ Jl <-** v Jj 

,4-jx-nUl 4 _^ua 3I jlilxil 4 j>Ij Jl Iajj jjSJ^jjuuJI Ak* A^JI j-aj (_£^jliJI L_ulJI 


4jja^ jJj 4-loA (j* jj£I switching Jl aA^ jc. ^jUI overvoltage Jl djjA^ jJj 4_loA jl Ji^!)Lj 
switching. _JI \J 4 cIsa^j V a9 j cIsa^ A9 4^^ s^Ui lightning Jl s^Ui jl 4 lightning Jl 


4^oi9 ^pxjl Jaj 4 SjAaII Jalst^a jjjai^J ^9 4 -aAAAjuo^JI CjIa^JI ^ > \ u ^ LgJjuoV CjjA^JI 4^aj|j 4-lLaC. jl S^aUs ^^9 

.4£JI (Jc. cjIaj^JI caIaj^JI jjj (Jj^»9 4 _Jc- L_ijjj Lui 4 ^Jl Jl c_i 9 j j* power factor Jl 
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Overvoltages Jl j£\ <jj£j j! Switching Jl cjLLc. Overvoltages ^ sjbjJI 
sjLjJLi V tjjLJI ^ caA£ i EHV & UHV System Voltages ^ a+Su 

1 aj > 'j Ja^Ja^II (Jl^laVI £-o Ja^la^ ^ ^3 £-o 0^5 3 r ~'j 

03& ^ L_n*jjjj 1.1a. 4-iIlc. ^jJajV'j Ja^laaJI ^jjj 4-<u3 1 ‘ 300 t^y* jp£VI 

Shunt L-uSZji fiJ SjlyJI 4 -<u3 ‘ »_'»■*" j' JpYl liA .JajiaaJI (Jjiujj 'V- 3^aJI ^3 S^Lyll 

.JajLiJl ^Reactors 


/ J U oX A 


r*?i 


?dAai^k\ CAAaa \aVx 27.8.2 

tJ Cjld^a A^a.j OB Jl 4-iLaC. JlLaJ A3 ^iJlj 22 — 2S (JduJI ^A dojjuojdl did! ^J! ^laJLl 

Stray Al Jj^la Jd In'v ^A3 (Jlixu ^1 S^AaI! (J-alaua 
Unloaded J^a jit. Jadlj 5^-a dud Capacitance 
Jl ^j 3 Ak AUAj . CjVldl I^jujI i~ ^WjiIaLq (JjjjALujj . 

4_d (jjfd A^dli JtJLj jd^o i oVdli j\jj 4_d Umj CB 

^)j|^A 4_2 >jA 90 -J jJJI (jc« ^)dtA-a Ag dlj ^ aI~xC> 

(^da Ld clAd£JI 



= c. 


Figure 27-22 


OB _J ^>a.V! d^la]!^ B dad ^ -v (j| ^Aju Ik 1 dad Ak. Cdl^ CB Jl ^A 3 dad (jl llda^S t j)VI 

Vgm (max of _1 UjLuba (j^fdoj 


^ 5V 


Earth 

potential 

Jl p 




/JN 

Mi ft 


V 


gm 


Time 


3 V, 


gnn 


(jl UJUa AJa z> IAjIj Jiajj Vg^ 
(jjfd Umj . AAkd ^J c_ijdJI 

J] (JjVI C_9^Ia]| (_jAj A dad A^a. 

^ ’l* a ) j)\ Jjdl A^-d djLua-a OB 

^ W ull U>1\ A_^uJI S^ldLa ^p.1 


.23-28 JSilt yiJ-SUI AjjVl 

^ja^)ll (_^d R dad ^il Jj-aj LaAk«j 

CB Jl a JAJ A^aJI (jj3 (jji 


Figure 27-23 
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jJl ; J J 



AJ^IslJI J L£ <il]Aj 2Vg m 


(Vgm ( V gm )) 


. 4 jj]aa (jjj LijSj Re-Strike <J ^ CB _JI c?4>^ jjo^I Lal£ oj^ js I^aj 

aju High Frequency Transient Lily ^ujUJI oi* J%l 4 jia_i l o’^^l ^Jj 1 & 2 L 1 C.J 

.^UaJL (jjJ^ 2 ^JI L 3f)d C 4^u3 Jc. LJ23 jJJ 


Jc. .i^aJI 4_Ai5 t. h* >>J 4 _ij^ >n a Re strike Voltage -II I ^ Liujjj ^jl ^3^ 

Re-Strike Jl a^s J^- Uu 2Vg m Jl -J JaUI L_ajal Jc- Jl (jl Lr^ c JaUI c_ajal 
Positive Peak Jj! Jl Jj^JI ^ 5V gm Jl .% R 4 _Uj ^ 4 V gm Jl Voltage 

J AJlaJI 4 _aJ! £>jJ IJlc. (J k V 4jli AjslUl jlaaAI l j Uj jJJI l_lluojj (jfJ 4 (J^joJI ^3 ^ Jl 

. Decaying Oscillatory Jl <> £j ds^j 

a^jIj Surge Oscillatory Voltage Jjjj jll^ l£^ jJI JjVl cjU^JII y*> Ua U^j Uj 
AJ lsJI 4_aj-JI fii&j , SjJj]| (JlsLxi (JjuiVtl CjU^q Jc- (jgjfiVi Sj^ (Jj^aS 4 >jVi J JjJ a Jaa. J^aS 

JJjj ^aJJ Clia. 4 (j£^a.VI CiIjulJIj JaaJI (JjJ. Jc. -1^_JI ^l&jl Ajjjoio JaaJI (JJa Jc> JLI^ LIaA (Jjj 

jjJI l^Lujj a:jjj JJJI liA Jjj t 0.5 LI 2 CjliUI J iilkll £_* 0.5 CV 2 cAMJI J J^lJI iiUJI 
J] JSli* cjIa*-JI JjJ J J£LU UJA L£ ^jj li^j 4 Resonance Frequency jjJI 
. iilkll L-jlauluiV ^ (j£j ^ jl Surge arrestors 


:Capacitor switching J AKla jajl ^ li 

over-compensationJI s^lk. ^ cjVU. ^ • 

. pre-insertion resistor j fixed reactor cjIa^I /j 'N. iT' iT A *. ^-N. ■N." # 

.Surge arrestors AiLbl • 


JUft^l giMU J*iMii$ JiAi 4« <uyUI Ql>y&^l27.9 

9 ■ *aj —i c-^j jli - _ ^ ■ .j (_^ill Cjl^^-ol) >"n c-Aj JiLq A^ixullj Transient ^ 3 1 ^ ■'"" JLa ^.1 ^IIaa 
. 1 ^. ajJZja L-=ljI Inrush currents <-^^ cjVjs-JI Jjuij dll^j jUli jiial a^j 

jg laJ ^jjll CjLiasljjll 1 -UuU 3 K,t. ^ JiLaj l^j£Ij tftj^ill jLiill UJ 3 K,t. ^ Jaia (Jloj V p li-jV I CjjjUj 
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dj| j^Jl^ j)J^)Jul*Jl J (Jj^afil! — (JjjALu2I ^ \\ \W 

pj Loj Resonance J) j* 4J1_^ c t n»ij aaja Ala»j! ijunu ab cJ^j^.a\\ $.aj jlp 
. 10 15 cycle j>» ^aLujj ab cjl^Lp]! ^a&j . ^Lpll^ ^^II ^b 

SAC- A*_J IfljjVl ^B AixIj ^ 'v \\ j| ^jJaJJ C-Lia. (Jj*s a (JjxjujJ s-Aj 4Jl_a. jc. ^jl^ll A^-^JI (J!Lqj 24 — 28 (J^ k ~ ^ 
A$aJI ^ ^lijjVI lAAj 2pu Jl ^Ajuj] Atajj AB A^aJl lAA jl j-aj Jj»-uall j* CydeS CjIjjA 

. Cj Ij^ a 3a*J j-oLajj 




^Uaill ^1 4_iL<j]| Spall jl ^ C»jJ 6 jL^aa. 50 S^AB cAlja»-a (JjxAjJ £.Aj 4Jla» (JlLoj 25 — 28 (J^juJIj 

5^_a.V I ^paxj (J x 4 \jfl^ j^£j u' A^aJl ^^B Cj1jj*M 1 jl VI 3j ^A jjtajj S^JI aAA j-o ^bI * jl 

. BB 21 (jjoftj j-o ^a*jj ^pll 4jajLaiaJI 


Volts 



Figure 27-25 50 ^J^ 2 a jjjIj 
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j£ll <LulAi& ; £jl jll 


Jl <ja Ic.tuA *LJlc. CjIjIjj ^aJI Ak L-AjI c # vs x A CAjujj^IaII CjUaI J! 1 a S^ik-all JIa^.VI ^ 5^3 

Transient Voltages cjja^ l-Aja^ cJjIaJI ^ £-M^j ^sWaW a^ 1\ a£jAj Transients 

. A^JI ^}AlJ 4_juoLai^JI (JIa^VI jjjj A3 S^kVI aAAj 


Ferro Resonance d>AUa ^iLJl Oj^IaJI 27.10 


Ajl (JUL (jl AJ i^yA y^j 4_iS] (JLa ‘^ ‘ ^ 7" 1 V 4iS!ij 

i_aia Non Linear Inductance (Iron core inductor) (JJJ t & vWj 4 aV Nonlinear Resonance 
Open tijjA^ cjVU (> _ 5 i LJlc-j ^^. u *JI ^ Disturbance cijjA^ aJa^J ^Ij^JI ( ^ 5 Ac. ^ ^jAx^iaII 

lj&Saj ^l-aLo 4 ijlx-o ^La Ak v^j ^aII ^aUJI ^tJLj ^ circuit condition 

A^aJI ^ ^UjjI a^^j Ferro resonance Jl J)jaA IaAj t LJaA jIaJI^ a^JI jAuj 4 _Jj aa^»a aajj Ak 

^iaA c > tuA (jl ^jSaj j I^jUja 4j)n^v ^)k S^jjS CjIajAj £a 6 ^pAJI A^JI (. tf* x>i 12 ^1 (jl (jSaj^ 

. CjIaxaJ ^jjI£ 

aI^JI ^alJI a-ajs ^Ac. ^ -A^jJI J^^ o-J saaIxa cj!jj*MI (jj£j Ikajl Ferro resonance _ll AJU ^23 

. CjV^^JI l_i1s ^3 ^joulalAsL-JI 4 _aj3j A^-aJI CjA^j ^a]| 

(jVU 6 >Ija ^ 33 ^ cJj^aj 4 _LkiA c^US cj]jU a ^.1 Open circuit cj^a^. j)A^}]| Iaa aJjaI a^J 
(J a\\ Inductance ^a ( ^ 5 ic« <2J-^I cjIaSaj Jaia vL^Aa ^ax^aII ^ aJjLuJI Ja^jJJI 4 il^ 

• J>JI u> *^4^' 4^ ^4% 6 

^ 26-28 l&JU US <i d j ^a ja RLC s^Ia jlikL j)^Jl cs^ A 4 ja1 ^ 

: JtJI jjkJL jliJI (Jjaj ^jI (jS^ aJo^JI ^ajUaII a_aA JIaaL 

7= _- S -_ 

j'tft- IXcD 

where S = driving voltage 
X L = reactance of L 
X c = reactance of C 
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J £*121 (Jj^aall — (JjjALud]| ^ \\ \W 



Figure 27-26 


4db*ll (j* Voltage Surges hJI £* <uW*JI JSLi$27.11 

(Jj-q 4_ilj! 4 jL^. La lgA*a i \*W A^aJI A^JjI ^ A^aJI Cjtc-lijjl £a 4 jLo^A1 SAAjlLq (JjLujj A^.jj 

Faraday caQ 6 s^a 4 l_j£jj ^nSI cjLuLa L^ac. ^Ia^jjujI 

. (Jjc-ljj-allj 4AjU^al £_La £-a (J^joJI La^ JajLM \^ijj^ajJ ^aJ 4jjojLaJ Cj>Lx^aj-aJ Jxtll 



t »'■ '•»* oiftj 4 )9j]1 CjL^j] (J^.1.3 j \ I Ig.mftj Ajj^SII 4J2lJI aJ CjLjLo^ Ljajl 

1 g'j‘«aj3 jijj Jjj c Filters Jl 3Jla. ^_a LaS jl^aJI JlJl Jc. 1 g I j.«ap J Ji oJfcj l 4_i_jjtj 4 -jLo^. l^jl 

Low Voltage Surge Jl J^~.J ^ jl < Voltage limiters Jl J ^-...t aIU. J L£ jjlJI Jc. 

. Arrestors 
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JSni jd\ Voltage Surges Jl Qjd AjLl^JI (j>ia 4 CjLUaJ! £>jl& JJjj j h«oM SJAxHg CjLjiJJ <JL&j 

!AJUI (JjjUl JIaJ \ a \\ -v \\ A^Jjoi ^9 


ajjL^jjoj) 4cjjujj Jjaajj cl u^. I^jjLo^ J^J! cjIjulaII ^z Zener diode l_u£jj # 

V (jl A mj 6 AJvL^ (JaXjujJ) £.LjI jLp L-JJjoUJ g--XU.nJ Vj 4 

. S^Laixi Sbl^ Jaia ^Vnuj ! J 4 aJvL^ S^jj^ SjJa JxtVn 

Inductance l $1 c/^-JI aj&j < Isolation transformers J>JI # 

^ ^ ^jjII sJjj <*_* ^jjj l$J inductive reactance Jli JULj 4 idle. 

l^J CjV^-aII . (JJ)^kJl ^)^V1 L-ljLaJI ^Ul >11 A>^a L_al*_jJal 

. Turns ratio = 1 

Uk (J>Li» ^)Ldl jLJl ^jLouj V AjI (JjjJl CS^j^aI 2a^.V 

(j-aj 4 (jiajVl A_ajULq j (JjjJl (Jj)^ J Sjjj^ll Aijl*_Jl (J>L^ (_^joj ^27 — 28 (J^a^jaill 

.jmj ^j^akjaJ! I JvLk jLJli 


Isolation 

transformer 



Figure 28-27 J ^j^ 


aJIc. ajj>^ Sjjia Ail Zener cjjjA^ qz jujj 4 Varistor ^ajoujUII aI^jjaI 

A2ajujjAx2|^ aJUI) a<hJL jj^>11 cjIjjjjoi^ Ail^ ^ U^VniJ ^j£V1 3^3 .aJvL^. 


Power Conditioners JL l_^)XJ La al AHa al Lj^ Lj • 
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j ^alj]| _) ■ c-jLill 



SjjUJI ul^JI fcljii O’* (S-iJI 


ISjjUll ul^Jt 


♦ ♦ ♦ 


i~ i Vti i ^ IcjE JJ^VI 6 4 _ij^£1I 


jAaII Ja£*A 6>&Ua 27.12 

CjI^JjoJI ^ IjS^U all ^)JJJtJ Jl^JI (jjal&ij) 
I l^_Lo ^ 'v\' Ja^& ^)&Ua-a (j-a JjA*JI I^A 


Sustained Voltage Drop/ Under Voltage ^UkjVI -1 

Voltage Sag/Dip : (oajJI) juAaW -2 

ja ^IUjVI liAj 4 Voltage Interruption ^ Jl -3 

Ajjj 4_lLoj SJlsl 4jA*2I *N % 1 00 4_JjoUJ dj4j\j L_9^SUJ 6 jjjx^ jl 

LjU^I c planned outage ^UaijVI 12& (jjflj -^5 ^ s.1^41 4-221 ^jc. 

c_i3j sl^-9 cj^j ^2! ^-122221 j&j forced outage 

Voltage Flicker ^A\ J^j\ s^lt L^t ^21 j! c j£^ J -4 


Under Voltage s^nW ^.lA\ 27 . 12.1 

41j^Ja Spfl] aj i .1 4 1 ■ ^ V 71 ^■*. U A V.o^tl t^yA %90 IJ %10 (JJJ 4Hoj3 1] >»1 Q-\ M 

4jj 4_la^2)L<a ^ Sag ^) mj 4jjj3J ^jc. SJl 2I C-ils Ijlj 4_L^2 Lg CjIc-Luj ^ij (Jj»^aJ 2j 4jjjSJ 

.j| (Jjj 2 j Interruption ^U2ij| ^^aiLudS 4 j\t«oVl 4^u2l %10 (j-° cJ^I cs^i 4^us c_iL-aj 



Time 


Figure 27-28 ^ 2 ' ^ ^ 


^ja]| (j] jlnll 4>jVi 4 _j^ 2 Aic. Voltage Drop ,^^21 <jl ^£121 c > L<2 jj 

^jljJJ Cjlij-alj2l (j> i») j c_9j^)]a %8 ^ ^ 4_i*_nl2l ^ °/o4 l^J 4 jjuj\ja]| 

.s^jIslSI (jxu>i { h\>. j V ^21 ^^5 «(% 6 — 3 


674 















jill <joiAiA ; £j| c_jU£]| 


J 


Ull 


J3J* 


Ludjj t Voltage drop J! (jc- ^cjUII l-sIjjujI Li>> n 1 

; 4jIjjujI j . VD = I. R cilvLoJ (J>L^ 



LjJ^uuoaSI jUJI SaLjj C_i 3 J ^9 1 Ale. (JL<^.Vi s^Lj 1 

. Aic. ^alfcaJV ^jjjvoltage drop 4_xus s^Lj l^jc. 

.voltage drop saLj J} Lhi ^pjj U* c£Ll£U jbik) ^ -2 

contact l^ic. 4_j| cjj^ cjIjUII^ cj>LI£]| <jjj jl l^jjasuj cj>Lj 1£JI <jjj cj^L^a^11 ^ 3^9 — 3 
voltage drop J saLj JJ U* JjISU ajjjj resistance 


Voltage Sag h>\\ (>A*\\> 27 . 12.2 

(jc- t flh'NJ 6 ( ^L^aVl 4_xu9 ^>0 %90 %10 La 4 Hoj9 ^jIjjj 

(. fln^j IaI j . 4jjj3J Jl SjjJ (. ^j-a (J^l <jjj La c Sjusi 1 ^ 4_iLaj Sjjfl] 6 j|^aLojI (J^jLoJI 

.5}jl*J! CjI^JI QAks-i 



I^A ^ ^ 1] 1 l-jLujjI ^aIj 

Voltage Drop Jl i^s -1 
Short Circuit j^l oVU -2 

S^jAII CjI^p-aII (Jdatjuij —3 
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dJ^^Al) (Jj^).ui*Al j (>Lll (Jj^afill — (JjjALuJI ^ \\ Al 



L-sLjujVI aAA Jjj-alij £JjoA LuBj 


Short Circuit di^Vx k\ 27.12.3 

LSa JLa ^Ac. (Ja-£3^A (Ja ^5 6 (J-aaJI (Jjj^ajJ Ajjjjia ^Ac» AAUJI &AA ^ A^aJI ^^3 (jialfl's’tVI 4_xuB 

<aISa^ ^ SLG or 2LG, Phsse to phsse ^a <Ja^ (JAa*AI ( ^ 5 Ac. lJjbjjj L^ t^tLoa (J^a ^^^Ac. (_L^a^ ^1 

. Ia^Aj JaI*ASI 4 Aifl'i ^-3 (jAaJjLAI 4 _ajULq 4 _xu 3 ^Ac. ljJBjAj 


(JL» Jl Ph3S0 Jl A^_aJ Ja^jA CjA^j 4AIA SLG ^-^Jl jj-a (JAao CjA^j jtluj J^A ^Ac. (J_u-£ajj]l AAd ^Ab 
D irectly Earthed, spUa <L^ki JjUill ikii c^l£ Ik Lujk isj^\ two phases Jl JibiVUiu 

.z E = o 

Ag^v jijjjjoa <j£J (3^ L^ (JAa*-JI Ph3S6 _SI Ag \h.B 4_ojULa (J>La. 4-jJaj <JaI*ASI A Jaftj C_u^ IaI LA 

1 30 28 (J^joAI ^>0 s^UaSI 6 aa ^b »l£^VI Phsses Jl 



FigUrC 28-30 J^-*All 4 3-iVi ‘d ja. j 4 'NjV'i 41^>» «AI a jlflll >11 (jialiajl 


<- > IAaj t JL» \l 3^3 (_^LujJ L^ASI V|\| VAj Vq (j£^LjA ^jjL^aJ £Ajl N Jl A^,^ (jl ^jJal^ 
jijjl Lmj 6 Phsso Jl (Jjoaj (j-o L^aV lSj^ La V a —V G l^Lujj ^u«ol aaV V3 Jl A£a» (jAali^Jl 

La ^^UIj V b - V G ^jll c> c^Loii ^ Phsse-B j^Vl Two phsses Jl ^ a^JI 

. Two Different Phsses (> <^aUjI 

(JUaC-VL Aj^ 7 JI jjL (j* <j£jkl Ic-I^jl ^JaJ 31 28 L&J)i 
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Single phase - ground short circuit 



-> 

Single Phase 
to Ground 
Short Circuit 



Figure 27-31 


bjJLi^W 27.12.4 

djjJLi. ^3 c CjIj-q 6-5 ^gJcniaH jlnll qa ]jUj i. ^ 4_jli Jjtjujj *^c- 

Point of Common ^ ^ ^UaJl ds^j 4 (R + j X ) voltage drop 

1 11a .4_laAj]l &1 a ^jjJj 4 ^32—28 Coupling, POO 

*Uj! 4_Aa*j ^LjaII 4j£j Sj.^3 ^AslS J t/ixi ^9 

. ^aJI (jlaltoJl 5p9 

Jj Power Factor S;J 9 JaUa a ! j! jLp jA jlnSI 11a (jl Ljajl 4_1 £jouJ) 

2*> ' Laa 1.1^. 4_Jlc. 4_IUi j_iO SjJ9 <- <N t .i cj^joiaJ! jl_ull c " (>»j 0,3 

^ A la ■ <aJJ ^jc. c-Jj Jjl ■ laftj Lq -' Sr.1. >» ^ A^aJI ^_3 

.cjjliaJi yk jijj jiuSi 4 ^ua ^ jaj ^pil (Soft Starting or Delta/Star switch 
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J (Jj^aall — (JjJ^ljal]| c^ \\ \W 



Figure 27-32 


i 

T 


'm 



Motor 


- .^aJl (jiaUaiV (_£>a,VI CjUjuoVI 


C>J 


^jj^aa c_iaj (j-o (Jlx^vU Aj^IaaII S^L^ll — 1 

. \\ 1 4^1ac- e\£\ Lilic. <- > ^ * 7\ l^jj cilia, ^jjjjaIL ^UJll CjIjj^Lq (JlSUuJj — 2 


Voltage Fluctuation (flicker) i^sA\ SjJ&Vib 27.12.5 



AjIIjlLo cliijixj ijf* SjIjc- ^A 

( 33-28 J^i) ^11 J 

(jj£j J ^IjjalC. (Jill c~ iKl 
% 10 AjjaUJ Jlilll I^A 4_xU<a 
cjn^ 4)\k<^\ ,^-sll 4_xua (j-o 

. CjLILIII^ s^UVI CjLojUjjI 


: ±£y\\ <jlbujl clij-l^ ljLluu! 

^JJjudjLoaV 1 (Jl<a ^aLu!a]| L_fllAjVi J (Jli-Joull . ^^3 (JLaa.Vl AjC-^j — 1 

C5 I*^<J s£a C5 j^£1! <jjjja 1I (jl^al .(j^U^J) j^a ul^') ol^VI — 2 

<jjaUaJ) <--AJjujJ Lax* Jlc. jLj ^-llaJ lijli ^jjojaII Cj jJlaJ 4il cilia, t ^aJl (jlilatJjl 

J^Aj 4 Hxua 3 ^all £a^)j3 jLp j-cj V ^jjojaJI ^ilin Lo.ljc.j t ^all 

Jl^aJI (^jllljtjjlj ^)1XJ C—ilxAij Ixixi 6Jjp (J>ia» lljjjjaic> ^)l_n]| (jls cll]j (_s-^9 

^jjaAJ ^j-a SIjJla]) 4_aAjJ-all ^^L^suail <-** Aalojll (J>ia» (_y* S.1j1j clilj 4_laa.vLa ^j^ai . 

* (ji)^VI jAx^axi 

. aj_lua1I —3 
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Ij4 l_iijuoj resistance welding 444 4 ^' cjIi£U -4 

(j^4 c & n^v (Jj)*\^ (Jjoaj ^UJ cjUj^Lo sjic. 4ja*j Aic. voltage fluctuation 

^ (J-GXJ ^Ui]| Cjljj£U (j-Q (j) ljl_4 UjjjJOlC. \ ^ \j jr >*n 


Ai\iO*\ ^ j±l\l27.12.6 


4-jjjj2£lVI 5)4 a,VI jjjhil 

^jIxj ^jS\ jj£I Liajl l^ili c SJ^. ^c. c > u^n j^L^axJI 4 ^^A fi^A (jl ^cj 

(Jlx^VI L_llc.i ^Loa.1 <j-a jj£I 1^j3 ^Vu *4>4 4jjj 41 4_ijjjj^Ml g’hV’fl 6 j-lx-a-all ^a^C. ^j-a 

. CjUUJ) fijjujJJ jl (J-ax!l (jf~ jl^-aJI LJ23 jJJ ij-llxS ^-aJI ^ ^aU^Jl cijJLixS 4 (_£)^VI 


: 41 Induction Motors J±±l\ 4p^' 4^ 4 o4^VI is^M 

J_frx^a3 CjI j a VLaaJ djl^)^a3l C-a]j J! 1-a* 4)^^" £-4 (J-atikj) — 1 

. 4 jIaLo (_y &j (j - 0 ^)j 4 <4^ ^)4 c . ^ *ni 4 aA -^f juj 4^1 cJ^ 44* <4^ 

Voltage Sag 45 -^ 41 ^ 9 - 4 ^^ lS^ 3^°° ^*4 _)4 &43 — 2 
^ 141 c . \utn ^ 44 ^ cjIaL^i Sji^, ^jV J 4 ^t <^UjI 4_i^juL<i 4 ja 1 (jJaLuos $.41 ^4 4)^^^ ^1 — 3 

Uu^ ^4! j! 4 *-^ Constant Power 4 ^ c_4>^a]l c^a 4 44 j4^ ^-4 

(jlpll ^UjjV 


S^LiaVI ljLla] 4^ 4^1 

:J4 v^ll / £ i Cja^. JUu^l ,4- Soli jaij 




incandescent lamp i^Ajl^l CjUaUI 

4 a ^^'il 41 %90 41 ^4' 4 (J^alfl^'ll) S^LjaVI |^jOa\g^vM 4| 

4jc«^ 4^ (l4 * (%80 41 4-lJjjQa]j ^ialfl^k "ilj CjLiaIII ^iaxj ^3 1 ^ •>'> 0 ^ %70 ^41 S^LOaVl 

^ n»j Vj (jKofi's n 1 )>>ijl l n^ix>ll ^)l_p £$ S^ljj 41 *^4-4 (4 CjIaaIII ^j-a 

. ( Constant Power J 5)^1 
fluorescent lamp 01^4^1 

\ntfn lOaj! ^ 4 j 6 ChOCk Coil intn CjUaU^ 4 ^4^ 4^-^ CjUaU^ &JA 
4^ 43^ ^1^ (70%) s^4 ’^>11 "il 14 jj x ^ 4 

^>Ua ^4*^ 1-^ _j 4 j^ fjVl l41^ 0-411 cij4iUa]l j)j^>" 4^ -j4 ^. u *°u Electronic Ballast A\ 

.4j»j4^1 ^“11 1 0^41 s^jailxa 4axl] j^xj 44 J -4*111 
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^S^Axl! dJ j^JI^ jj Ja*JIj j-aUll ^ \\ Jl 

high intensity discharge - metal halide Ailjilt Siai 

j C- ^ \) (jo's'll lil ^lf^<Jl A^JI JJ3MJ SJbuaJ jjljj ^Jjlx^axJI fiAAj j-ijllj (Jj-Q 

Aaldal ^l n^iall ^-axll ^Jc- SdiaLJ Jjjj 1^5 (Jjj^ajJI^ ^UaAjVI J)Jj Ul Aj| ^}j£VI aI^jouJIj 4 %80 

jl ^lau a!^ IJAj jjli.} 10 Jl ^Jjl i>.oxJI (J^asu J (Jj^aJ ^3 S^lAlal (J^ Asu .jju C_lS j Jl Aj| Jl 

. .I4JI jljjAl j-a ^jlatJ ^jl! j£LaVI <J Jj^aJ V ^Jjl x.oxJI aJA 


jc- jjjU]| 

Jo^JI AjJlxj jjja jc. Sj jill JqIx-g \ g jUL l“ ^lo~CJI ^jJaj j>a (_9I.IAI S^C. dlliA jl Jx-a 

J) jla j* %90 Jl .^Jl ^lAkjl ^ aKJ uJI j£J . l^b^j jll Reactive Power Jl j* j±£ 

l o^aW UauJaj Ujl Jl Ai^joui a^Aj c (.I 4 JI jjj-g c > u hIjjj) %81 Jl (jja&aJj LJ 2 j£a 1 I j-a SjJlQ 

- Ji^-aJl ^aliaJlj LnLoj AjuoAj ^A jjIjj Aj lila .I4JI Agj£i jij ( J li^c-Loul 


aJJaII 534^VI J^ jjjUII 

(jjll CjIjjuAjuJ j-a ^JxaII j-aa ( .I 4 JI (jjal&aJlj SAjolJ jjtjJ Sj.Jill AjjIj I 4 J ^jll AiljixJI S^J^I (J^axJ 

jUll ^ ^IajjI Jl S^gjjJalL Jl AjjoiJ (^U (jialfl'sll (^li J j-a^ 4 |P = V X I COS (p ) (jl 

Ajjouj jlS jtnll J ^lijjVI IJa jl lidaj Ja 6 jjfL V yic- ^lijjVI IJa jl aI^AaIIj .AjjouII (j joaIj 
(JJ aJjoi j)J^ ^ 6 SpUl (Jj^aAJ jl JblLj jlnll S^Ljll 6 ^ 4 J jl CB Jl jl 1^43 ( JaAS 10 % 

j-oJ . jJjl^VI aL^)-<J (Jj^aJ j-jll £-o U^jjJG Aj^p. A^jJ ( xAjjj j-o J S^Ljll fijlA j-o ^gjlau jl^aJI 

. I^J ^^uouJ! AluoLiaII ^jaII jc. A^JI Ja^jA ^aJlO j-o Jl^tlll AlaAI Cj^L^. LlA 


l^\ ^^LJj ^ J. ^jzaVkL.^ 1 AiV^^W ^j\j^ 27.12.7 

AuoLai^JI AijJJJ^IVI 534 -a^VI jax ^a j£lj CjI^xaII (_j£Laui (_^l ^ V i**n^j jjj» ^ ji^^JI ^a j^Aill jj^j ^ 
6)4^1 £_nx-aJJ arJu^ll C-UjAI t^llilj . (JjxuG j CjjjL^jl Jl ^-aJI J jl^ 

J^LiuJI fi^A ^>ixl AjLo^JI 

(Power Conditioners) 5)^511 cAA£* .1 
(voltage regulator) ^Jl uUhu .2 
(emergency power generators ) cjIJ^ .3 

.UPS jl ( battery backup) JaU^VI cjLjlkJI ^ .4 


680 














681 


Power Conditioners ^|4 :LlJ 27.12.8 


cjIjJI u^uu (electric noise) (jJ^I 0 ^a^j Jjc. <>*j Power Conditioners Jl ^ 
. 34-28 JSill ^UJI .(voltage regulation ) -jiv.- ^ j**j 



•.Jl la Power Conditioners Jl 5^1 4LJ (>j 

:(lsolation Transformer ) Jiadl t^V»a-a-l 
^jajJalji-o L—iiiij jjJaju^i oliUI (j^a CjS' r ~j ^ 7 A ^Ic- > jj~ ^ 'j Power Conditioners 41 ^juJ^II j^JJI jj■»~ 
c-u^^JI 14^ .(magnetic shielding ) ^..<jU^ t^^i^.(jc. cjUJI o4a^ . J^Ulo 

. (^jaJjUl ^Uaj ^11 A 1 1 j^ JI4j 4jjUI 41U41 ^jJJ^SII ijijjJJI *_loj jl 


(voltage regulator) ciLJala -2 

45^ Jl ^ '■ A [^yajx J JJl j j J*~5 ‘ (_)^J (_£.li-2l A^JI > .i <a ^^AJ 4jl 4_LaC. ijS3 

•4jt jl Power Conditioners Jl cjUjSIo .J <jj£j J j^j .U^ s. 1 ^ 


:'d^' 1 »*k<* JaLm ^ 


Manual/Auto Tap switches regulator LSJLJ/Ijja; ^Jl ^oJSiattj -1 
Ferro resonance Regulator jyjj 14*. J^l» -2 
Magnetic synthesizers ^^uuLUi-a ji ^jj&ll cJl^a -3 


>Ua Js. 1 Jl jjjSII )j»"i 11 ^JI*j ^Jl j (tap— switchers) - jl >h cJ^lj (JJO ^^414 

.(^J& 1 f li4l fis&l) 125 J 110 OH C >JI ^ J^ iaUi Ui* * cJja 145 Jl 80 

. I w '3 (JSUlq ‘ jjl (j^oj J tnjoij 41a ijJ Sjafi o4aj a SAa.l_j SjjJ ^Jl^a. Ajxojll 4alaJiuaVI 


lj> 4 i(Ferro resonant regulators) (Js.aJ 3 ^a. -k‘<* JuJf jAj < ^.maJI jyjjll -iv** ja ^jUI 

. gjjJ 4 jao) 4lla4ual <lj t 3 ‘ ^p. Jl jl^aijail J& JailaJ ^Jl 
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(&^)jl*JI djI^^JI) j i _ ll j\l 

I ^ Ferro resonant/Constant voltage transformer ^ApaJI Jja-a s>% 

Excitation <U c .»*>■ ' > 1:1 4j.uu ji 500VA j—^ jJlus 

4 JI ija-L Jifcj V (output voltage) ^-Laua < (saturation curve) ^taSI 

Constant-Voltage Transformers(CVTs)) pp=JI cjjli L*J IjJj 



UPS Jl (jli 4l^a ^1 ^_JU 0 

AjjUaJI (j^JL^xk Jc> JLcUxj 


4 MnVjM LjbjUaJI ^laj ~3 

Jjja { jp 0 (JLx^VI 4-J.liJ Jaln^VI CjLjlixJI ^aJaj ^ JlsuujJj 

L»Vl j Ax ^* lJ& ^cj c Uninterruptible power supply (UPS) 

SJLq] j Jujoug J-g^JI ^Uaj (JiaJ Cj\jjUai]l ^Uaj jxi ]| I3 a 

: UPS J\j .4JJJI 


On-line UPS 

4jjUJI ^Uafljl 6 UPS Jl JvLa* j-G C_l3j]| j Ja JxlJI 4jA*j ^jj (35 — 28 (J^joi) ^Axu^aJI 13 a ^9 

. JxlJI 4ja*j (Jj^aljjj cjLjUa2l JvLa* j* inverter Jl 4 ja*j 



Figure 27-35 On-Line UPS 


Standby UPS (Off-line UPS 

13a J ^UaAjl U,h I3li ( ^gjoJ^ll 4 _jA*JI jAx^a-G L> c ' lU^J ^jj (36 — 28 J^J) *UUI fijlA J 

ATS (Automatic Transfer jja jc. aJ^JI <>3a ^jjj 4 UPS Jl <jjjL <> ^jJ AjiiJI j. ^ JI 
. Jl^Vl Jjbj V 4 ms Jl a^olj ATS Jl lU*j jl . Switch) 
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Figure 27-36 Off-Line UPS 


Load 
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4_jl 4_x^aLi. 6 JuVi ^Jj^la Jajla^a]! CjLujIjJ LloiLojI Stability^jAlaiVl CjLuil^p Asu 

(j-ajjjl! ^Jj^al 4 jljuj|j ^lallxi ^^Ac. 4 ^JjoAI £juojJ 

4^±jJ! $.1^.1 <jjj IAa (jl ^1 *-a j t jJaixil] <. flV'i's*a ^jjj Synchronization 

Blackout -11 l~^ w \ i ii. nil 


STABILITY ..JU JmOU liU28.1 

(Jj» xTlll Jajjjjui sj^xSI ^Ac- ^lAaill s^^ii Stability ^jjALuiVi (jli IEEE — OIGRE 1^3 ^^ 

. 1 29 o-p-^ Disturbance L_i|^lajjaV AjJojju a*_j 












Left: Active power (red) and reactive power (green) Right: Generator speed 

Case 1: Stable 

Figure 28-1 


ijfiA 4cjxJI P and Q Jl A_/u3 CjjJJUj 4 a jlViJI La L_J^lajJal iK Ssh ^jJalj ^ Vx£& 

. Stable ^UaJI IJa <jl (Jpj t 4j* -iiUl ^JJI ^Jl (j£^pJ C.lx^ jIja (JvLi. ^^9 ^Lo^laiJI 

4j>UI 4jjouj^)]| Power System Jl ^-aUc* (jl Lia 4 j*.nUI <._aj^UL ij 


• Frequency 

• Rotor Angle/ Power Angle 

• Voltage 

SpLoiA ^alc. A^ixJI I-I^jj ^UaJI (_)j 3 (jA jaJjjJI > ^ ^ aJ^JLa j)AjJa Ixja'v j)^£j (jl 

(jlJi9 A_Jc> L-JJjJJ A9 (_£.JI (JjAstAjll 4 j1 a*vII Cj|jj^_^j Jl L_jJajJaVI IJa (_£,Ajj (jl (jJ 6 

cijj^ i t nvJ s^lc. ^ n Jl J^VI Islanding j3p Jj ^. u "i" 4jJ^j jl ^UaJI 4 jjujjJI Jj^.VI (_>^u 

. f LkJ jL^VI 


4 ^ Uia Rotor angle 4 aJ Lj$ < a£iA1\ J saw A 1 x^iaJaa jjjJI^ .^aJI Lli 

LJ^ 4akjA 90 (j£« S'\}*J dul^ 1 a\^j 6 Jjjoia ^UaJl (_)klj A_2kjJ 90 ^Jl J>(j^a (_£-^a (Jc- (jl (j^AJ 

.cJJI L-jU/nJ Jc. S;is A^kiJI J\ liAj t UJ* Stability margin Jl <jl£ 
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(_£jill A^QjlVlA Qj^)ju1xJ| j (Jj^afill — (JjJ^Lal]| )\ l\| 


*UJI jl>*jul (HMA28.2 


Interconnected Networks s^£ll cjKu^I A*Jp ^pJl jj£| <> ^1 iojlai® jl^&J jii*j 

Jjjil] 4 ^ ^ A^u~\l ajA jV 4 JIa^V i ^ dolj 3 Jliljj CjIJ aa .a dl^lj IaI^ I Juflxj aA£ju1a]I 

! ^ jujJJjJI (JjjjoJI laJ IAA 3 4 (J^auaull ^_9j^Ia ^9 Cjjjjanl 1 jJajl AjJ^xa^ (JUaC>Vl 

?^\jA±u^\j AJU> latjjjuo ^3*43 CjLjjInxI 6.1& JJjL j 1 ^ i^AJjul A^JjuJI (_)a 

: A^JjuJ) (JjV-J) Ai^J \ v w **^ (JjjjuJ) I jlA cs^ 

£-\jaH JulJjll = Loss + 4 <C n~\i ^gic. Aj^aI) JIa^VI ^V 2 IA (jji (j) — 1 

^a Synchronized ^)a|j 1 a (JaC. aJI^ ^9 A^Hull z> Aj^aII CjWjaJI ^ja^v — 2 

\W 

A^uilU a-Laj ^ ( 50/60 Hz) a^V! a^ajS J \j*. Frequency oj^ “3 

Ajarjjlnll A1 aj9 <ja l_uj9 A^hmII ^ BBS Jl AilS .Ik- (jjfL (jl _ 4 

(J 9 I A_ajAJ A \a*s a j Ijma'V (Jaju IAjjCj CjIaSCjV^-a1|j Ja^laaJI ^ Ja~v (j! — 5 

,ibj±^ SJLa] SjL^Li ^-XUjjJ jl L—U^J l^J A TtO^tl Aaja]| ^ja Ajjj9 ^ja 


A9 (JlVI (J 3 V1 JajjoJli 4 (jjjliA S.lC- ^ja ^)j£V A^JjoJI JjAaJJ V A9 AajLoJI JajjjaJlj ^jaLojVIs 

jl (JIa^V ! J43U ^_A Unj^n lj4*J J43UJ A9 JaJJ joJI AjAJJ 4 (JIa^V I J4*J A ^ J11 SAC- Lj^AJ JJJLJJ 

Disturbance C-jj^SajJay.A^J joJL vLia (JJaC. CjA_^ nj L^jIaIjJ J4*jj A9 L_ 9 j^)JaH 
. Short and long term disturbance aL^L saa! j! 53^ saa! jaIaj J9 a <u «\I ^ 


QUJJawdll ^ 128.3 

jLojIjJ! (Ja ajvIj Jl 6 )laj A_a>jj A_iic- Stability _SI ^jjjajAl ^jW! 4 IEEE _1! < gjla±la 

! jIjaLaV 1 ^3 Jk ^ a |3^J Aj^al^J! 


JJjjII jI^aLa) . 1 
j\Jlu>\ .2 

Rotor angle .3 
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(_jjail ; £jljll 

4_iJ^£j| ^aJaj ^jj^aUc. t flJUn'l 2 — 29 (jkiJj . 4_JC^)2 CjlflJ 4j AAjLoJI ^jjjVI 

21 (_)^ \x <2 ^ -J jjui ^Jjal ^gij L<U3J . LlXdjj LlA^^ ^ oh-v ^\i CjLj^iajJaV ( ^ (2^1 

.4l>L2) Stability 




Figure 28-2 IEEE Stability Classification 


Rotor Angle Stability_\\ 28.3.1 

tliJI flkdli Synchronous Machines yk ja Rotor Angle Stability JU 

5jl t~u nl JalkJI ^_k Sjkll ^0 6 11 ' 1 ,'jjU, >>\ 2jl-! Synchronism 4lk ^9 

oic ^Ikill ^ Synchronous Generator J£ :uc. ^<y,K'ji j 

A c_il^jJal *" ij 

L ‘' -^3^1 ^Ic. ^*JI ^£kdl ^3 C-jl^kjaVI Ik *Lgj 3 ^Ic. atilj 

1 CjLuIjJI Aj-o Ijjjl 

Steady State Stability jl^jt small disturbance k^kl L-i^kjaVU • 

Transient Stability <_jLi ^jjjs large disturbance AjkJI^ ^Ukl LJ^kuaVI U • 
out of <>l>jll olka dioa-j J Out Of Step Akuill 2.>j J 342 Instability jl^VI ^ U 

synchronism 
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(_£jaII ^LajlVlXt ^)|^)AJjuj|^ (jj^)julxJl j £judtj]| (Jj^aall — (JjJ^Lal]| ^ )\ ill 


Frequency Stability_\\ 28.3.2 


4 _L-ali 2 l JUi^-V Ij t aC'.* *IK ^ IaJI aJjJI (jjj AiOUJI jia^ojj jA A-jjJI 


^ Power Deficit 4 _a.tLa]| s^aII ^9 ^aAill ^ic- ~i ]^\W I 4 a 

(j-a La 4_2^p ljj.ll (jj)^jxti 4 6 4_j£j-all (JLa^VI ^J9j 4_^tla]| aJjjII ^aJ9 j)JJ C_a>L±^VI 

. JJjjJI ^ Cjl_2kjJ) 


Voltage Stability __\\ 28.3.3 

CjJIaj 4-ixunV I ^jaII (j-a Ljj 9 c. 1L>" jquJl j.19 <jjIj Jl^JI ^ LS^ 4Ja3l^ a\\ ^Uajll SjJl3 l^j . *1 > s-iB ij 

(J^i^JI l_i1c*I j 9 ij 9 c ILa 4jojIj^]| (jj£j Ullc- ^ . 4^n"illj Disturbance 

(jl .^'sll 4_xu9 ^ jJu 4 j1c. CJJJJJJUJ 1$j 3 j;i3Lll! (jV Q 4JUil) JJC. Sj^aII ^ (j^aAllI (jjaJjJU (Jjjuj 

. ^ Q _ll _jl S-iL) JvLi. (j-o Field _ll ^ (J>Li. (j* 4 _ia ^Vn 


! Ag-^Jl ^ L_j|^lajJaVi ILAj 


Steady-state voltage stability : jl^ 1)J» ^ uj^ ^ • 

Dynamic Voltage Stability : ^jl^jc. 1 * Ijjj£ Ll_)*ial uj^ • 


: Jj®j (j' (3^ ^ £J>“ o^ 1 u^Hi 

Electric- Jl <jj[jj% flkJU AjJ)i2l cjIJ>JI £-^jj ^ Rotor Angle Stability Jl ^LJp <j! -1 

cjIJ^JI saa ^ Mechanical Torque Jl jjjj < torque 
Active Power AJUill SjaJI ^ j=^1 Ja^ a_J;.i> -■<>-'* Frequency Stability Jl AjJp U -2 

. JLa^V I ^3 (j^AA 3 ‘ Jal ( *-o ^UaJlj 

Reactive ^IkJL aJUJI jjc S;aJI ^ ja^Jl aIa^ a^Ij-^ Voltage Stability Jl a_J,a Uj -3 

.Power 


Stability _4\ 2u>i\jii ^*-3 28 . 3.4 

t \j±£ v^" ^h 51 cjLbLuJaVi Stable (jl (_s-^ : ' 4 A/US-IA LgiJXC Power System Jl a^u.-^ 

IaA 4_^IjA A ijx ■ . Jj» .Till . 3jjJi Ails Stable A-o^jaio ^ a . A~. ^JJlj 

* Jj■ ■' ^9 c^jj . 
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Aojj^JII J j]l i_jlj£]l 


liAj Non-Linear System jL \^l^j <j£*j Power system Jl A^jhu J\ ja jjn ipuJI -1 
‘" i - L 'j^ cJjjxhJI System Response ajjI^IjJ (jU cJju-o saxJ ^UaJI 111 aJ ^ixj 

Linear Jl J JLJI _j» l«S< 5 ^ J& *"' ^ JJj 4 j\jI^HluI ^ J aJjLo-g (jjj (jl Sj 9 j L <allj 

ciuJ Non-Linear System Jl JJ ^ jV 4 js! ^-bjJI a«*j U IIaj System 

.Linear System Jl aJU. J L£ 


J L£ L^Lj s-J*-o J =«2 Disturbance Jy Power System Jl AiViJ Ji jUI t_n*JI -2 
j^a\jc. JjAsJI (JUaj JLr-- J ^jjjU • jLiajl Ajujj 1 ' (j-o S-Jx-o Lj^jl Jj21 4 _luJI 
Ajlijll s^=kl ^LlhIji Laii La ^ir. jUo Short circuit _ii~* r - 4 (_^JI a 

jjajJI J Power flow Jl J jju aJc. aj a-^UJI Circuit Breakers Jl ^ aJ)c.j 

vj]l (_£Ajj —3^ BBS Jl Alc> A^jaJI ^-2 CjI^jjxj Jl (_£2 Jj 23 IIaj 4 A^luJI LjL.A 

(jc. 1 cJJJI (_)-a *j Ac^jjoi 1 ■ >Ji jjxTi J ^3 Voltage Regulators Jl a *■ Jj»Jl 
aJjj Jl U*i 2 a^Ij Jkxi 2i (>j . Governors Jl (> Frequency J cjJJu iJlj 

. Stability Jl <> *2*511 ^jVl 

. > nV I CjLluIjJ AjjUl >-jV I vLu^a&j ( Jj buBj 


689 


690 





=a^ji jij^iuUjaj^ 


Rotor Angle Stability «JI 4*iljJ28.4 


: jjl i.,' i Uil * a jV1 ^ *\J^b ^ 1 ^j^21l 2^21 jjl 


J^a-j ^21 -Rotor Jl (jljjj (_> JU-21 liA LiLj t Rotor Magnetic Field 4j _auuj JjVl -1 
. ( (j^ 4 jL 9 Bi 2 l oL 2 I jl > 12 g ^jLLJI ) ^Lia^lSjl 4 jfLj\^l 2 l S^ 2 I 4 )aj 2 ^j ~ L 'J^ '* LUoSl 


^[5 Three phase voltages Jl <> 12 baj t Stator Magnetic Field LS ^ ^121 -2 
jLJI n> » <> i2b three phase windings Jl <Js.b ^IJp j^l^s u>o. c/12 

Jjj bju three phase windings <Ji.b Three phase currents ^ y > <J ‘ 

. Rotating field 


2^a^2! JasJI 4-<ul ^ b. £_±12L Uaj 2j_2l jj^Q 4_j^a-^o2l jLJI 5 .lb ^ b. ._fiBjjj ^j\2l (Jla^JI 5^1 j 

^Ic. i^j a cJsjoj — Synchronous speed, N & — ^jl2l (Jl^-21 jljji (jl La£ 4 42c. 

4i>b2l ‘ ^ j 1 a *^21 1 (_)^alaJI F lljJlj 4 jj£L 2I ^_3 P L—iUafiVI 

N = 120 F/P 

^ <41 nj ij"'jbi ■>^ yti_a ib'ij 4jli 4 T (Mechanical) ( _ s fLil^ia ^jxj Rotor Jl (jl^-^ .lie 4jU 4 ^ w«1 

t-ixaa. 1.14c. I^js lii2 Stator Jl s^^JI oULJI ^Jaii^ JLc2l IJaj 4Rotor magnetic field JL 

LJjj CjIjLuII clAj 4 2^21 ^_lc J . ^~in^\\ ^ ^j^ll J 11 ^3 CjIjLj ] ^ > a 4lc ^uIilu j ~21 b&j 4 (^^1)3 (jajl^B 

Igjji 4 Stator magnetic Field JL 4.^ <_$2 I ja JjVl JU21 Lu2Lc« w ijjguJai \* * yi ^ ^ 


Rotor Angle __\\ k± 3 \j 28.4.1 

: (jjioiJaLi^ll (j2U~2l ys oj^jj 4 T(Electric) = T (Mechanical) Jl <jj£j 4 j*j 22I 4-ijjiJI 
Synchronous Jl (jl^A; Stator magnetic Field Jlj 4 Rotor magnetic field Jl 

Rotor angle ^1 ^ 4jjI) Stator field Jl <jjjj Rotor field Jl ^ ^ilj 4 speed, N 

I a£±u Phase Shift Ja£B 2 LAj ba.^_JI (Jjiftjj jljj^j I a£ j| ^L- (_0^l Zy* AjSLII X-a 
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j£ll ; £jl jll 


Rotor Angle _\\ 28 . 4.2 

cjJujjJI ^ Rotor Jl Jl a\±\A\ SjSal\ J ~<vJ i ^jjL jc. Rotor Angle, Jl J Xol i ( j£« 4 j 

4 jjJI ja*jj ^ 0*3 Rotor Jl jlfl 4 i^J.JI 4 j<nKJl SjJJI a^A CjJj lilfl 1 i >liLa 4 jjLkJI 

L_i^lla-Jl ^jjiiJI ^xj JJj 4_xuaJ 4_cjjaJI jjju Rotor and Stator Fields Jl s^^j-JI 

J 

J&a T(Electric) > T (Mechanical) oj Jl lU^ sJjj ^ <ul Ji^V 

Jl (jlj3^ 4 x^juj ^I^jjs ^)j£l s^Ji I 1 J£l ^ Governor Jl Uaj Rotor Jl <Lcjjoj 

sjl ^£1 I jjj 4 -i jlj JJj Stator Field qIj^ ^cjjoj ^a ajcjjoj (j^l unM (_£^»l j^xjj Rotor 
4 j| IaJ ^IxjV 1*1^3 "Rotor Jl 4 x-jjuj s^L)" (J3AJ (jA^- Iaji L^jJal^ 03^ u* c _^jaj 1 mJjLuJI 

>L^al L— bJa&aJl jJ! 4 _cjjoi]| S^hj ^A 4j3J-g SjJj ij Jjj^^a&xJI <j£j Stator Field Ax-jjoj ^jc> 4fll** l i's < a 4 x^jjol3 

. ^)j£l S;^3 Jaj ^ (j-oj Power angle a^u3 jJuj Ja. JIa^VI sJjj <. ju>n 


Rotor Angle __\\ ^ ^\i cl\ jA\i 28 . 4.3 


^3 U^ajl JL Ja^ ^ya La A g ^ ^_3 > ' j 


VA 

i$M- 

Trarerrisskfi Li ne 


p 



X 



cJ-J^J Rotor Angle Jl jUj ^ sAAfj 
4jjI)1 I Power Angle JL A^j L Z*J 

Amj3 ' ^all L)Jv ‘" ^1 JLUJI ^_3 L". ^j]| 

jjj Transfer Power Capacity ^JjaiJI s^l 
1 ^ l. 1 L> 'j 'j V | and V2 Lo^J L*^ ^ 
.X Uj^i AijL«-« a! Transmission Line 


P = 


V 1 V 2 

X 


sin 5 i 2 



Power JL ^pll ^ 612 
SjLJI Cj^lj UK JjjIjJI &U Cjjlj UKj Angle 


U^L)]I dU ; ^jjJaa^JI Aj^AlJI 

cjWj^ ^ Rotor angle Jl jjjiil ^rtUj 

SjoaJI Jjjju (jc. jilUi-JI (_5Aa.l 

■ ol^JI IJ4J ikljll ajC-'Kj.t i 
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^4_iJ^£j| (_£jill ^LajlVlXt Qj^)juJl1I j JjuAjII (Jj^aal! — (Jjj4Lol]| ^ )\ l\| 

S^Lj ^ iu>m IaAsu 4_V ( 4j^pJI AjjI^JI) 4_2kj4 90 (j-a jj£I 4jjI^1I &4A S^Ij)j ^ojoij VI <.. j Ljl 4 In^syLa 

. 3 — 29 J<~^ (j-° La£ Sj£i]| ^j>»1 q-v \\ 4_ijj^]| 


Rotor Angle _\\ ^iLL ^kuji»\ cA-*«\jk\ iuy*^ 28.4.4 

4Jl^JI £>4A t jjj-g (Jiac. (^\ djjk^ j) vIj-g *lJjj 4 ^JJP* 4_^_nj jjj£ jjaj .ik 

4_2kj^l s^jj^ 4a Rotor angles LL^I ul^ kkLjjJajJal cjj. 1^. <- > \ u ^ L» ^ 

^gic. 4 j£^xJI Juljii]| cjIji^j ^jjj S4lc.V Load shedding JJ ^tkk ^aj t (j-djjll ^jc. cjIjJ j-all 
Transient Jla Transient Stability JL cAJ;J! <> ^11 (i* jt s^lkll aj&j 4 <u ^l 

. 42 jj]| cjI^j ^4c. dj42c. l-jjjjj 4a 4kV ^aVIj jl^VI Stability 


l-djaII 2 j 2 I S4jolj jjJ^j s*i 2^ 4_i3tj (Jal (J>L^ doVt l^jV 54AaLxi Transient stability 21 (J£l2kij 
4 L> ijjj^j 2 L \W ^JjlLojI ^tkk LkV 4_u4al_^)]| ^la2l 4 ^ CjL 2 j 2I L_ULx-sal . L_JIjJakaV 1 (jl£<a 

(JjVI ^^21 <jjo£c ^Ac. ^ 4 ^. (J 2 x 4 a (j -0 C 5 ^ L ~ V< ^J jV) 4 jL-v 4 j\. >»1 o"\i C_)V 4 l*_ 2 l (j-G 4 X-^O 2 Sl ^0 

.Linear Equations 4£.j^a ^IkJ! JAaj ^ ~^pil (Steady State Stability ) cjLu^JI <> 
4 _L^aL^Jl 4 -±b ■ ^.q"^ cjLoIjJI <tCy^j ^.LgIi^V' ‘~ (j Rotor angle Stability _!U c Lo^c^ 

(_]£1 *~‘\A L .Iaj ^1 La^J ^LqjAVI ^ > I'l^g 6 ^j|^g"u ill j 6 Aj 

. cjKin'il oa*j jL^jl j-«j t Power Quality 

Equal Area JL ijj*j la J%l ^ Transient Stability ^a^a ja ajj^j JLJI ^[5 

. Transient Stability 0^ Li& ^Ikill U^L Jlu ^[5 Criteria 

Equal Area Criteria hJI (®Ija^I28.5 


Equal Area Criteria __\\ 28.5.1 

Lk ^jl Jjjj j . 4 (JLa^,lj (Jj^aJJ 1 x> 4 ^ >|jjj^ 4 ^u" \i^ ^) 4 J^ 4 l 

. jjjjJ) ^ 4l^id) 4 <jtKj J) JU^Vl ^ j^j cjjji^ dk ( Rotor angle stability l4jakd) AjA\ 4JU 
. Rotor angle, 6 _SL l^jaV-c^ 4_ij^£j| s^4a]| 4ivlc- cJLoj 4 — 29 


Ak Lqjjuoj-a Initial Output, Pq j gj^11 cs^ kj ^jLoJI 

( ^ic- 4_L^I^]| ^£1! Sj4Alli c n»j (jVl & 60 L^LujJ Sj4a 1I 4_jjlj ^ 6 (J£joi]| ^ a 4_lajlj 

4_2kj4 90 j^Udj 6 4 jj|^]| ^jV ^Jjaixi Lkajj^ (. 4j ^£^IjujJJ 

. ^jaLolo ^j 4 aj j-dli 
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<jj ; j^jl jll '—jUSJI 

Lo^ Changed Output, P s 4-<ui Aic- ^Ic- aajs aS^IjLg s^ljj ^y^jjiu (jVl 

.JSiliyi 



(jl L_L^J AJ 4 jp jaII Jc. 4_Lkl.lll 4 _ij^£ 1I Spall 4_^p ^jjj (jl j)A AJvli IpJjujA £jJapl JlaJ ^Jl 4 (jV! 

?ci!12 cij^Jjai ( 4 b 42a2jll Jl (Jpjaull 4 2aAJ (Jo" n 



Figure 28-4 *ppo01 OjLOjuiOI l-ii* ^ j2i 


Spall (j* ^j£l 4_^jAj ijijl Ja^JI S^Lj 4^pjj b 4 laaj Jl 9 4 laaj j)A 4pJI Spall J 

E ^ 4^11 loablaJl I2 a^ ^ de-acceleration j JJI Jjp a ^ j ^ <J (palaaJl i & vwj^ 41^1^11 
I2 Aj (I = V-E/X ^ jp ^aII (J^l^lll ^)l_nll pjj JtjlLj 4 ^.JjaII (jjp 4-CjJuo \j»Ja <« > u^Ijjj .Jpll ^a.) 

43aaj 8s ppuj 6o Spill 4-1 jJ (jl ^juJI j)A iS^*^ 3 6 Pe 4-iJpill SjJiall pp (jl 4_ilc- c_jjpj 

.P e = P m Ci^Jj^al lA.ljc« jll^ b SJpJI Jp-jull 

i^ja ^-p (Jj 4 LoiLoj (jpp ( 2)1 (JlifciV! 12 a oil 4 ji^JI 12 a ajc. ^J 2 I ^4 J potjud (jjOuo ^JalL 

olp (jl 4Kju2li 4 (Ja^JI ijuin ^Uajll Iaajc. JJ (_ppp <jti <jll b a laaj cJ^. Oscillation _ll 
Spinning Energy of heavy 4^p3 ^Jl pip yiu^ Jj b 4-kaj Jl ^ sLi <jspj J 4^>JI 

.C 4_laajll S.lpJI (Jpjuoll 4laaj ^JU-aJj 4 8m 4 _aj 3 ^Jl (Jj^aJ 4_Jpl Jjlp p 043 Rotor 

Ja^-11 sjujiJI 4^uall C-I^jj cJJ 4 A1 and A2 jp^l k ^ ju £ ^ <-_j 2 j 2 j!I 12 a ^ jc - ^_OaJ ^a l^i _5 

Umj 4 jlpAVI £JJjoi3 Jc- ^aUajll Sj^3 C-JjujUjJ A1 JjVI 4_^.Lu1a 1I (jl (Jpj (jl (j^AJ^ .Jilll 4 

. jlpA^I Jalp Jc. ^Uajll Sj^2 CJjujIjjj A2 4pl21l 4 _^Loia1I 
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jAll AajlVla ^jl^AJjuol^ Qj^juOJtll j ^.uxAAII (Jj^aall — (JjoALudll ^ )\ ill 

la*w ^Uaill jla (j\A^.Ljiall cj jLaij IaI Ail ^ Ac- Ecjual Area Criteria ^LjjLoAoII cjl^.Luo-all Iaioj 

Oscillations ll ^xuuAjj p*jL.xAll aIaj-iua A2 a^.Luq -0 ^jc> A1 a^.Luq -0 cjaIj IaI Lai <. ^jaLuoj lAiij a^.Liuo 

. Out of Step ^iL^il a^ja 90 ao.a 5m j^l^Ai 

^ja ^-ji CjA^JjoA 4 — 29 (J^ k ~ ^ (jlAjjLoAa ^jlA^Luo-all jbU C-ljl^ IaI Ai IA Aj jLuoAall Cl L^. Luo-all I Alai Ifliiaj 

^}l£l P e (jj£i c Jl b (JA Spflll (J>Lk Ail C11 a Jjjuofljj . All^ill ^ ^Uaill jaLuoIjuo <j£] b 4-LaAj CJAiAAII 

C)aj t ^1 = V-E/X ^ (jl ^)^Aj ^ jLnll (_)aj JIaILj 6 E A^JI Aiji ^JIaILj , ^jjij-all Ac^jjuo AijjiiS P m i^ja 
SaUjIL b 4_LaAi3l l_jaiAj 1I (Ji-uj b aLaiII sl^Al ^ j^Jjiij 5 Aijjjll (JaIs t aL^Ia!! Aijj^II s^aaII (Jaj 

. 4 _ajiiiial! ^ Dam pi nQ a_^j 4 >jVi aA^aII ^^a ^aLuA ^a^. ^L-^aAillj 


^Uaill A^o A2=A 1 1 ^_a j Case - a ^^Vl aIL^JIa cjL^Luo-oII aA^J ^aliAa ciVI-^ <cj>\i ^Jaj 5 — 29 (J^aIIj 
4aL^ Aic. A1=A2 (jV jjjflAxjoVI l$i3 (jjflJ ^AII Aliliill AlLail ^^A LCailj t A^jCo ^Jjijuo la^ jjflAx.ua 
. A1>A2 L)V jflAx.xia jjc. &a^a Case - c Sji^VI aIL^JI ^ LaCo 6 jjjAiuoVI aj daia 



Case a 


Case b 


Case c 


Figure 28-5 cAaLuoall Aaiik-a CoVl^ 


jVaLloII (jc. SAjaj SjjuuaJ A^IxAII jIjaIxjoI ^^ic. SjjJ-oll ^j&ljiall (jiaau ^jijuoflij ^A ^j^al lAlall lAA (J>La. ^jaj 


.AaIIaII AHaVI ^^A la^ AjjJalijll 


_\\ j ja.a\a 28.5.2 

Stability 

:6 — 29 ^ LoS aIjaIoII SjaaII (jljWia UjaI aSL^JI &aa ^ 


^_jA aIjALoII SjAaII Jiao ^i£VI cJj^l 
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Figure 28-6 <.> 


4il_a. j-a ^)XA-al jj^-i'V 421 -^ (Jjxjou] 6o P 0W6T 3PIQI6 21 jl 2aa*V 

j]| 4^jJ 90 Jl 4^J jc. Jbul 4iV JjijfiJjuol J£l j.J^ J jl < > j2*J I2Aj 6 6 s *^jj 2xk ^ Jrt$ 

. stability margin JIoj 


i Sj 2 i]| 4 _i jjj 4_xu3 2jlj-aJlJlj S^Lj^Lj CjJsu 2 jJ l jj^'V 3^*3 ^jjj»MI jl La£ 

L-jlacpjujI Jc« ^ptfi ^UaJI (jl C 5 ^*^ UA 3 6 ^A ^^Jjoj- 21 jl^ J 4 _Lq ^ju^al jjj CjJ*. 2I aJA 

. jjt->-v c2lj& jl^ J ^j^I 4>aj.ij 2>ia2! ^9 Cj|^JI 

V jjfliJl .1^,1 ^ ±i£> jt^SluaVt ^4£> i-ua 1] Jxflj jl j£*J l2la 

25 <J (^Lojj 5 q s^-221 aj jl^ jj^>^ *^5^19 C5^ ^ Hu 6 — 29 2^-21 ^jjujj- 21 212-2] JaJU 

lij jl 12 aj < j2aLoj>U ^ >^VI JiaJI j-o Cujjal J t 60 JJj i** vs u J jj^'sll ^p». L2a i 

Jl JaJI 2a.L jl j^QJ jjia^JI Jl^.1 £j^p. 4 )nsl 4jjJl^» jijj>2l OSCi I latiODS Jl jl 2^22 (jJ V2aja.l 

. jJVI ^Ac> A 0 la I ^ 

2a*j jl jl j£^ ^2]I Disturbance 21 J j-a 22-^ I2 aj^ jjt-»^]| ji^.1 l. ii?»9 

Inertia Jl ^n^n j JiujvU cJij Jl ^Ih^j j^li-G ^Uaj ^a Jl^2j UjV jS2j 6s sju^ 4jjJ J!a2l 
aj j 2 2^2 jl j£*j du^j aj jJ sjj^JI 4^u2I 23^- l ~ v ^j k ^ Oscillations cJIja jli aj& sj^k^JI 

V — 29 L&JI (_ 5 ^ Laf£ laJ j-oj i jlx-aiiJU §o 4^<u3 ^Jl 2 L j> j^AJ La£[ c S^lJlj 6 m AaJ&I 5j4a]| 

.Oscillations 21 tjl 2 j ^ a ^ <J^I ^jJI 4^ua (Jc- c_2a j±* L^_l<> 2^ 4_^ua A1 and A2 I^a jj^Lai^ 


695 
















696 



(_£jill ^LajlVlXt Qj^)ju1xJ| j £judtd]| (Jj^aall — (JjjjLu2l ^ )\ l\| 


k^sWa nx>ll (Jaj c_ul^ l_2lc« (jjiaaJI .la. I (Jj^aS (JjS (J-aaJI (jl^ 

iaaJl (j>a (J^l ]| (j^ ^ l^llJ 6 V — 29 (J^ k ~ ^ (j-G 1 s^aJll C5^ A1>A2 ^-1^-aJjuj 

. (j-G ^)ja!jVl S-^aJl ^3 Lo^ ^jjALudV i 4JLa2 



5 o 6 s 

A 2 = Ai : Stable _ Aa < Ai ; Unstable 


Figure 28-7 jljaluiVI liilj jjjLjj £y* -2^ ^ jja. eiVLa. 


jj2j la^a^Axa ^c^aJI (j^ l-il (jdiaaJI .la.1 (Jx(_)^3 (JLaa.Vl (jl <^113 L_iia3]j 

*(cr^^ ci^ 


j\j.Lljui\ ( s5 ^£' A£*yj ±i j4.iU 28.5.3 

8 — 29 j^-3 Lo^ ^jjjjjLt,tiL <21 ^jjoa.Laix 2 l I Aix^ ^la^JjajL S.1A3 lx 2I Cj\jjJaL^}]| ^)C. I. 1 aaj 4 6 ^A ^43 (j^AJ 

UjJ (j^ Loaic> Pre-fault (JjVl ^^ ^Ac. 60 4 _j jlj .iic. (Ja*j (jl^ Loliaj (Jjaj 4 _Lo e^aJI 3 • 
5 j 4 a 1 I cl ua. During Fault j* ^aax21 JJ (Jiac. cjj.ia. asu 4 )^q\ c_ii&ij| t 4 ^jiaJ) ^A 

l~ O'sjufl JLa.lj Jaa. ^IflJj (JlaJLx2l JaaJI (Jj^aS Aau 6 (JJaxJI $.\jjI A^_aJl c > n^n 1.1a. Saj,Wx> 4 Jja1a]| 

jla (J^joJI A1=A2 (j! ci_uaj .(JJaatll Clearing 4 J|)} Iaaic. i~ik ^hSI 6 cc 4 bs\W 2 3 ^ 

. jI^aLuj) 4 J ^vKu lt 4 j 1^_J| ^Uall! 
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f* 5 L>J ( 



5c > 5cd 


A 2 < A 1 ; 
UNSTABLE 



Figure 28-8 JUac-Sfl ^ jjjIj 

5o 1 -^- SJUjlj 6 c O' l (JIaatll S^ktLo <U!j! t** "vW 4 ^g-lfl.x .21 0 >^JI ^ Lmj 

.Out Of Stop ^Uaill o^VI t*c A1>>A2 1 ** vs u^il 
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(_£j2l ^LajlVlXt ^)| Jjjujl^ jj^)juj2l j £judt2l (Jj^afill — (JjjALx3I )\ l\| 


:j [uUjj j* t&\ 


Frequency 


Frequency Stability hJI 28.6 

^Generated input power Jl j Load output Power Jl jjj jjl^ c£2l l)3j3I ^a A.j2l ^)y*j 

SjA3I j)JJ 4A>l*JI 9 — 29 (J^juJIj 

j-a 4_L^al2l (Jlx^VI^ S3jl2l 

L^a t c£>^^ j* ^^j2l u^L9 4 

(JLa^V Cj jAa, jli ^jJa^A 

a3j 2I AljAjl IaAj^ Sj <) x*n t 

SaLjj cijjAa* Jl (_^AJj Ia^ 9 Jxi^ll (jf~ 
Jc^ SAjIj JUJ Jja>A LI . AAj3I J 
(jJojm jl 4la.bL Sjj jL^aJ <£JI 

. AAj 2I (jjalfl's'll Jl (^A Jj2 a3j3I CjUo^xi 



SO Hz 


F/gure 28-9 ^jSlIj J-aLVIj <a^ 


j>c* Ajjj ^1 49*2 HZ j>c« (Jaj (jl AAjjII ^-xujjj V 5aIc«j t 4^jjai]| jlpVI jloj-ojj ^A A.j2li j-aj 

.10“29 L&^l J 2jjjl 2 ojuojj jjj^al l (JJli l ^Z±j1 J (_£a 2I 2aa*V .50*3 HZ 


^ 50.11 

N 

^ M.PS 

i 50 
3 

m 49.B5 
it 

4S-? 

49.BS 


China (East) 


Central Europe 


, 1 1. 
IL II , LllilllllLlL i\\i lL lI| 

5JJ.2 

Sa.iS 

^ 50.1 


; r lijn'r^T^rr fi || 

■-■ 50.05 
| 50 

I 49.K 

LL 

49.0 


lO 2<1 30 it i 

4$.$$ 

& 49&. 



Trtlfr £h) 


Time (h) 


Figure 28-10 *cAl£j^l ^ ajjSII ^ <. fok 

4J>JI jy^JI | 0 M Inertia hJI j*jb28.7 


3^31 jl^ s^jj^ Inertia 21 jl ^*i»j <21 a j!2 ^)jaij3l <31 a j»>I 3^j Hz^MW (JjjLLj Inertia 31 
aas jla c 11 29 (J^joJI j-o ^jJal^ ^a L£ ^aJJ u 1 ^ 13^ ^a-^3! 2_JI j!2 13^ ^ <, ^ 

jl£ *5 j*j .s^ Inertia l $1 ^1 013^31 ^ 1^ aaj 3I cs^ AjjoA Jl (^AJj a3j 3I j-0 AJjuA 

.CjI 3 j 3 I L-jj-u-ajj IAa. LoIa (J^lxJI Iaa 
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Ims of production |%) 


js\\ <jujAiA ; £j| j]| 
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Figure 28-11 Effect of Generator inertia on the Stability 


A.11 Ci^V^A 28.7.1 

: JbllS 12 — 29 ^ 4ih^x> Bands jJuj 



Figure 28-12 


DB: Dead Band -1 

(Jjl 9 Jj (jjJ jjjTn 4 j2 

F.C: Frequency Correction -2 

Governor J! Cy* <Jxa tiSUA ^£1 j 4 js <.\wj ^ 

AGC: Automatic Generation Control -3 

(JvL^. ^jj2a ^jc. (JjlaII jj ^ 4_i3 v ^j 
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UF: Under Frequency -4 

^£ 1^0 ^j^Ia ^jc. Load sheddinq (JLaa.VI (_L-a3 L^ jj^joi ^al^j| 4_i9 cja^j 

. 4^A3L^ L ' u k^ \ 1 


OF: Over Frequency-5 

U^j\\ cjLq jJaixi ^jjJa {jc. Blackout (Jj*xa3 ^Jl Lo^ ^jAjui ^UjjI 4_js vwj 

(Jj-4aJ)j . C allkj J k ^ (J(^11 ^)J*M 4_J .laJI (jl AJsl^vLo 

. ^9 U L_LudJj W UilxiJ 


Jj^aS 4jjoij 

Hz 

%2 

49.2 

%3 

49.1 

%4 

49 

%7 

48.9 

%20 

48.8 

%20 

48.7 

%22 

48.6 


vILq S^JJ^ AlljJ 4 )o^k x> *]Ua]I S^aII 4_jA*j ^ C_j|jiajJal 2 lxj LgjL CjtjjjJajJal LaiJJj 

. 1^* x> L>^j\l Jajia^y Q 1 LoM 

?Power Deficit «JI J5L«i4 gik ^£rfy ^*£28.8 

(J^JiLaj ^JLAlla ^jo: (jl ^AA- lAjljAijajV 4 ^juIi 1I ^^9 (j£jj)jjJa ^jo: CjLj (jli 4 

Ujj 9 jjulI 43 lili t Governor Jl 4 ^ 4 ^ 4j9 ^<\W c j£xu9 u*Ui ^ 43 lili j^u^a jl£ lil 

^j| (Jj^ajjuas l.ia. ^aull 43 ^4^ 4 Load Sheddinq _j <*_sjju L* (JL^V! (_>^*j (Jj^aa 4_L^x* ^1 (Jj^aj 

.Blackout JL*5u ^taJt 
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A-JJJ^SlI (_£ j$\\ ; £j| j]| L_jU£]| 


: jl\\ ^3 <«Axl\\ 28.8.1 

:^\j la£ tj3j (ijiiuiJ |j», ^j^u: 1 ^>taxj c JJjjil CjIjjSu JjLjj SJi ' yj'‘ 

: (Is to 15s) Primary control 

.governor J 4_kJjj jjjjll »jkr» primary control Jl fjL ^alLlI tiDL$jJ jjj£ jj* j ojau Ljj& 

. 4llajjj 5)9j‘ t (jjjt-o ' Jjc. 

Secondary control (15s to 3min) 

4j£]j Lulab <*'Ij&j AjjiiJI 4,~ujS sjli.li 4j£lj primary control _JI jj£I ciij 

^ (j% primary control ^ jlj* J£a liUjJj <, £ja -z—^-*z 4jUaj (jl ^ az j^yUjz 

secondary control Jc. < 4 £*j Al j-o 

: Tertiary control 

Jl 4 ^)Lol1a]| cj! JjJl! ^ 1 x^V1 jjjjII sjIajjoj! 4"ifl tin ju secondary control Jl ^jj^l c_isj Jjajjuoj 
<-** v (jl (j^A-a li&j ^sLx-J (JjAjaij (jc. ^1 ^jjj (JLoJ^I l^d^ 3 (jc- secondary control 

.Lj^j jl L£pL jj! 

:Time control 


.JU ^ajJ (J^ lljlll (JjjIjAJ ^jAJ ^jjjLJl I (j-o jjJ C_l9 j (_3j-jr.lt.tiJ ^illj «XVtll ^9 (j£<p.uu> ^jJ 

.4j ^^ojoJI ^jisJI (jUaj ^ 4_j| 


. j]j 9 (^l jLllI (Jj 9 4flh^ Jl ^aallj 4-jliljJI jj^UJ ^IlJI (j-ojll JJI (J^JI 


Generator 
Primary Control 

Economic 

Unit 

Mid-Term 

Expansion 

and AGC 

Dispatch 

Commitment Planning 

Planning 

\ 

Seconds 

Minutes 

Hours 

Days Weeks 

/ 

Years 


A 0 ^ ^ ~.U j j ■ '•» ’ 
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(_£^Jl 4 lVi ^ jljQ'i l ^jj^ Ji a J lj £juiUI t_paJI — /_^j J_wi]l 4 _ ll jll 


:jll£L*VI uUIji jrf Ajftl ^1 


Voltage Stability hJI 4niIj4 28.9 


>»l ^jJaj 4 £ -njj ^ya i£ i l'j V. Stability Jl ^ ~ ^ ^aII c-uSlI dul^ cjIaixuaJI cjIjI^j 

(JjVi ^pl 3^5 .J^JI Jlj ^aJI (jjj (JjljAl (J>t^ ^a 4 Jaia CjIaJ^JI 

Jl ,> ^ ^jljij ^UuaVI A ^ .Rotor angle stability _JL olix^ ^ill jip^VI olJp 

:\^1a t Aliil Kin'll Jt. saj^. jaI^ sac. OjAa. jl^j 2-“ ‘ Voltage Stability Jl j&j i Stability 

• Voltage Fluctuations 

• Voltage Collapse 

3-Jp (> K*&Vl ajjj Jj J& V Voltage Stability Jl KJp J cbp j&'jU' gAA L—ll uJ (JaL^J Axjj 
. ^UaJI ^jL^jl cja|^ 2 ^ ^>)n» J Iaiwj (j^fJ A 3 L_JljJI ^^3 4 _j|j Stability Jl ^-Jl Cy* (JjVI ^jll 


4^jJ^ SAjuJ (Jjj^afiJI (j>a ^juoj CJUI ^JaJI JaA3 IjA (_jjjjA1juoj 


. Demand and Load Supply (jjj 43vL*JI 4 jujIjAJ 4jJjJI (j-G ^-jJI Ij&J 

Voltage Jl jli JkJI J 4_iJjiJI cJaJJI ^ jll Rotor Angle Stability Jl Ly £^ Jcj 
S;aJI J J J^-JI ajuj 4joj]ja Jc. 6 ^UaJI J Loads (JL^VI Stability 

. 4_a jJaiJI ^3 4p!^pJI (JIa^VI ^Jl 4 _SIjuJI ^)JC- 

(JIa^VI (j-a ^Jl (Jkijm (Jj^aS Jl (^Ajj >43 A^_aJl ^^3 (j^al&aJVI ^1 ^IajjVI (jl <J (j-a£j CjLJjJI aAA 4 _iaAI^ 
jjLj (jl (j^xu L£ 6 l^_La J jaJI ^3 CjIjA jJI (_^Ajj A5 4 _uuJIj IaAj AjLo^JI Sj^-^.1 aJojujI^j JajJxaJI (jAaxJ ^1 

L-JJjJJ A3j c A a\ W \1 (j^a AjuJj J^JI ^j^pJ ^Ajj A3 (_^JI ^p<aVl aJjJI 4 a CjIA£>Loiaj Cjl^pa^Jlj CjL^uJo^JI 

. Blackout Jjja^ Jl ^Ajj jl (j£oj ^Jlj cascaded outage JilJI ^>JI Jjja^ 

Rotor angle instability 4^ £j>j^ ^ Stability Jl ^Jl UjLoj LJa L£j 

. Ia^Aj BBS Jl (j^o AjAjJI Ajc. A^pJI ^3 (jAaU^jl l" ij K j JI (_^Ajj (jl (j^xu 
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jill <joiAiA ; c_jU£]| 


Voltage Stability «JI 28.10 



■ ‘'g 7 -" jl_} 2 iuAj 4jil*da]| CjUaiIjJI j^ya (jIcjj .lajj 


1. Dynamic Voltage Stability 

2. Static Voltage Stability 


Jio Fast acting devices <> ij$J\ ^ Fluctuation jl^Al <jc. s,Ut JjVl g>ill 

— 10 s^a 1 . ''»j~.nV cj3j][j HVDC .jl Induction Motors cA£^»a]l 

.short term phenomenon I^aj t 4ditj 20 

^jlj (Jjjl ^gk ^laj jj*j (jc. gjlj ^ tlljlaJI jjjull tlulS j\ g^jll Lai 

(jjta^ s^t ^ cjIj Ijj^i uj^ cjYLJI 6 La Tap Changing Transformers ^ jjij J }lia 

Long term phenomenon Ud^jj SjAiyi ^ <_ULul] 

Voltage Collapse _\\ S>*A\b 28 . 10.1 

^9 L-lS^alls . jLa Cj j-la. SLa»9 ^gjL^al] (Ja« aJ BB ^ ^ (jl ^_i*Jj 

(jlj Cj 2 iB Short Circuit ^jU V (J^jl u^' 

(^1 -^5^3 < hfa&uti 4iSl i ,^-nU jjjSJjj c > \ua\ c~n«\; BB Jl 1.1a. l_dj 5 jj^aall 

Voltage Collapse jl^jl J! Voltage Instability uUI j! jiyij 4 

. L&S 


JdbdJI QtlljJ QLhMlLli 28 .ll 


.P-V and Q-V 






^yoiXJ LojIj ^tiaJ (_y* ^yll 


. 12 — 29 5jj» ksi 4-^IslLgj \±u lljli 


P L +JO L 



^lC- ^JjaIaSI 4JIxa]| 5j2ia]| 4^ua3 
C 1] Ja^Ji 

(Jx>^aU aJIxaH JJC- SjJIaII 
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(_£jill Qj^)julxJl j £judtd]| (Jj^aall — (JjJ^Lal]| ^ )\ l\| 


L — 


VsVr 

X, 


sin 8 


„ _ Vr , V S V R r 

Ql —-77-1 77—COSO 


X, 


X, 


AjjLx-31 ^_1 c. (_) ■ (_) ]' ^j£- 4_*j3 Vr 4-a_i3 (jjdfijLmll i} 2 ^ 2 




II 

% - QlXl + Jt “ X ^ P ^ " X ^s 2 Ql 


£^1^31 ^3a* A ^3 13“29 (J^TuJI ^^3 P — V 31 ^l3Aj ^-4 

(Loadl or Load2 <j^ «■!>->) s,^U JS] <d .<_ajVl jl Nose curve _L 

y=2' c4 <4^1* ^g-iaaxAl (j>i (_g^l*j( C5^ ^4^ 4jc* Jj-all (jhaft UjJ (jjfLjoa 


Operating Point Operating Point 



^j>>o-v n IaJUC- Ag-^Jlj t 4jjt-iila]l 4 lnfl > i (Jj-gj ^4_j_^1*J! A^nsl?j (_£«^) — 1 

l~n*v i ^1 (Ja-xsJ (JjxtV'ill ^9 5^U)1I (Jj^al_^JJ (. fljflln (Jjx^Ml 

Stability jl jI^aLojVI .w j 1* cJa^3! ^ ^a9tm9 4j|jj ^ Iiiaj 4la&iil £>Aa 
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j£ll ; £jl jll C_jtKSl 


4j| ( ^jjLx4j . Load2Load 1 ^ulaaj 4jjUL2l aic. (JKu2I ^ ^jjal^ LK Margin 

Stability Margin Jb uj*j L jlj UK jL^VI ikfc jc. s:n*j JjaJall 4_Uj ciilK UK 
^ i 4_ix_iila]j 4-<uaSIj 4jjlu I5 jj» l^jV Unstable 4 Jj 2U (^-U.21 4-<u&SI^ Ulj — 1 

jL^jVI j £-}Ijj ^ iu*n lj^3 ^Ua2l jl^jjxua 4 _xuaSI bJl^l ~ Ijh^S ~ JjauauSI 4 -Laj g g u,h 

Jl ^aJI J^j Voltage Collapse J! Jl j^. jljjVI jgUj ^jc. 0jl_2l 
1^ A k^\S ^k *1^ 4-<n3 ^ W \*\\ ^AjUiSI £^21 ^ 4-oi3 ^jl <KSA l_iju 2 Ij . (J^Uj 

IUj (SpiiSI CjIjj 0 uajUj UjL) ^UjjVI jjU c > ^ nn Ja^JI (jl l^Laja ^aUkjl CJJjJJj 

j jLn]! ^2SI CjI^JI Voltage drop 21 c > n^n (j^abKJVI ajja <^1 l$a 

. (JKu2l UK jSx^i = 4-oj§ Jl U gVfi 4-ojjJ 

Short UK (jl (jjj Short Circuit 21 4JU 4 _jAj ^jjaj UK <jl i^Ua (j^Uu ^jl ^ \* x> —2 
&2& t 4_SU ^jiajVL IK VI l^yUa (_^UuV LSU ^_a2li 4 Circuit 

(jl SC 21 4 _SU LK ( ^jjK ^jJaj ^1 (_L-aj >SI (jlpl ^aIKa c5*^i 

• sc 


*JUuJI j*« OjAiJI $ JAaJI 4*4 «U^UJI 28.12 

^jl ^Jl 1 iUaj 42 jU2I 4JjU-2I 





^ = 

A 

~^ Ql^l ± 

Z yj 

\-x l 2 p l 2 -x l v s 2 q l 


14 — 29 l& 2I LK Q. —SI ^jjjj Vr —SI (Jjj AivUlS (JIaaSI ^ ja^LoSI ^juoj 4i0bJ! 


705 













(_£jJi ^)i jLLuji^ jj^ubJi j £AJdUi (Jj^aall — (JjjbLuJi ^ )\ l\| 



A£aJi 4_xu3 ^3 \\ 4.ia>l >/ijm ^;A>^i Ji j-a 4_aAlJi Q. -Si ^aJi ^3 (_^i cAjj^a* ji 4_La ^jJaJJ (_£,Ji; 

.IaJ Voltage collapse, lijjj*. ^ t .iu . ~i jl Jl^Au J^yi 
Q Ji j^J; A^_aJi j jj 4jbLJi 4A>L*Ji l^_A ^^Jaj; Cjljjjjaui SAc* (JllxuS 15 — 29 (J^bJi ^-3 ^ bJi Lai 

l^-jJaLLabL (j^aiiabj; c jAA-aJi j-a 4_aAlJi Q Ji 4_xu3 ^l&jLl £Jljj A£_aJi ji jdJJJ l^-Loj c jAA^aJi j-a 4_aAlJi 
^aAc. (_^i jAA^aJi j-a 4_aAlJi Q JI ^^a. (j^aLiabi cAjjA^ ^3 j-a£b LJiA ^U^jouJi jl; 4 P Ji 4_xu3 CjLj Ajc- 
jU^ji Lola. t & vW j i< l^Aic. 4 Aj^jua^Ji AJLtili SjAflli CjLj a ^\L> Jl Q J| jj^jj ^^ic. Supply Ji 5 ja£ 

j! l^ja Lb!; jti\j ajlLA\ A^Jij Active Power Ji jjj a©LJl cjU^Ioj cUa jjli • Voltage Collapse 

. P JS JjAjaJI ^3 ^lajjVi c & vWj A^H jL^Vi 

^ic- 4C^)Ji (JLo^vU 4 jsI£J Q Ji ^jjSjj ^3 *LajlabJi (JaaiAj jja. i.Wl Ag'sSi jL^bi CjVI^ L_Jc.i (ji ^ii^Si^ 

(JLoaai iAjCab; l^J^ai ^3 ^Aj (^Jij t ^c_3;tJi ^^9 Blackout ^}jf£i CjjAa* ^A c-nxJi iAA jl^; ^ 4^jjuJi 
jpb2 ^J j-o; 6 (2003/8/14 ^ajJ <-JSb jl^j 4 iAj^J ^Jjlb;! 4jJaLLa ^i 4Al_CaVL l^J^a! L_J^)C. L> L Jj4 (JjAA 

^ 4_aAjJi Q Ji 4_xu3 ^^A (jAal&abi (_^i JbjCa. ^i 4_3^11aAJi P Ji 4_xu3 ^^A ^laji (_^i (CjjAa. jxi Lajib ^CAab 
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j$\\ ; £j| j]| C-jUSlI 




^9 ^£-^11 (_)^J (j -0 L ^^141 ^1 C CjIa^aII aJojujI^j L^_i 3 ^ cs^ Q. J3 ^ 16-29 (J^ k ~ ^ 

. V ^ 'n. \ 1 4_Ai3 L **''y"' 


lv 


V—*• c 


* qI — vl 

4 — qI - 


*V| 


Figure 28-16 


! ^Jlull£ 4 4> i o j^ Sjl^J A^jLoJI 4J^Ia-<4Ij 


V r = 


V s + V^S - 4X lQ? 


Qr = Qs - Ql 


SJic. JaUlLujI ^jfLoj l^_Lcij 


Vs — Vr Q.r — 0 IaaIc- Ql — Qs c_ijl^ lil — 1 

Vs > Vr Q r = + Ia^jc. Ql > Qs <*-ul£ lij —2 


Vs < Vr ^uAjj Q r = - uj^ U^jc. Ql < Qs lit ~3 
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(_£jill <Laj)n Qj^)julxj| j ^judtdll (Jj^afill — (JjjjLudll ^ )\ ill 


^^.i^xul! £jJa^ll (JaxG j ^1 mJL^JI 


CjjA^. 4_iic- L_jjjjjj jl^jll ^Uji ^Jl^ll JLgj Ia&j ^-tlall (j-o jjSI c_j^j| 4J1_^. JLqj 4_ijtj]| 4Jl^JI • 

Voltage Dip 

<AjjA^. a_ilc. l-jjjjjj (Jjill objl ^Jil^ll Ia&j ^ tLall (Jai cj j! aJL^. (JiLaj 4allall • 

j&c. a^JI (> lU^I ^ ^l&jl c$t Ferranti Effect 

CjI^JjuJI lAjJJLJj A^^JIj 4_aj3 CjIjj Q. -SI 4_aj 3 jjpta ^_AaJJ ^aJ 


(<y|>il |«M] jAaJI jU&jI *£>* d>$ll J*I$*JI 28.13 


L-jlimV 1 l ' Lo^ Ml 1 Sijj 1 ^ aAI S^Ua]l 6^& 1 "Ij ^ 1 C-jLlul S-£- dljA 


= c5>Vl 



4j31£a 1I X|jne 4_xuii jasu — 1 
ujjj SourceJI ojj aL^\j\\ 
cj^j c^Uij Load Jl 

A^V vLLq ^'Sjn 

a /\ >o\ i 1 ^m ^ ^ ^ 

3 ji^ x -li 4 wai 

(JaLoj P-V ^ ^ ^ 4_^Ajoi>& 

— 29 JiJI la&Lall In's 11 ^ 

U£ ^-lau IaA_$ ( 17 
-11 <jl (Jiuill 


jL-a ja Stability Limit 

■ ^ 'sll £-Q L-LujIjjj SjAill ^jl JaawV^ ,3l.3jJ ^I^aLojVI Aa» cJj* ^11 4 ]nfl*l L_jIjj3| 4_i 1 ^Lx^al 

.(jjjLJI (_)^JUdll ^3 


^ cjl^p^ll <> jjj^ ^a*1 Starting cjj^ ^Ijj jL^V cPjj j 5 ^pll jAl^tll c>j -2 

J) <- 1 a^wTiU Ml <4 -\ (j3aUiLj| ^ dllj LjJAjoJJJj Jlc. ^Aj jLp C—l^uai I jlAj 4 Cj 3jl! (JjoAJ 

J Constant Power Devices oIa** c >j a cii^j cA^p^l ^aaj . Voltage drop 
*Lajjj Aj]jj t. ^ I'nn aKjuJl ^alij ^_I3U I jiAj ^ P= V . I ) jLnll L_ira.L^aJ l^ul^ A^aJl ^aU^Jl 

.^)U^jVl UL^aj LoJjj L-Jj)^ i>tix>ll ^)l_nll 
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jJl AjulAiA ; J jll 


j .4_j£ja]| (JIa^vII SjAa]| (JaIsla 4_aj3 \\ ,^JI ^)L^j| ^jLujJ ^C-LaJ ^)&JJI ^JAj — 3 

PF Jl iojS jj*jj Stability Margin Jl Jib ^ jjjj 18-29 J s^^JI cjUvutig 

s^aJI J Ia£ ^jJAl Cy* IaAj . (JIa^>U 4j^uuoa1I ^AIxaII jyt- SjAaII 4_ajaj <J]A JalijjV 

.JUi 


j\ykl.jj±\ Ci\.\b^x\x28.13.1 


c & n^v 18 29 J<^1 J L£ s^aaI! (JaLlJ 4fl\* , i^x> ^Jj ^a 4_xujoj s^lc-l (j^AJ Nos© Curve Jl ^ w u — 2 
Stability Limit J^aLaVI ^aa ^ s^aaII (JaLla ^y^sw] LJ^ I S^joj jAjj £jAaJ! (jl 
aJIxaI) jyt- s^aaII a^JI aXXxj 4j^al_kJI 4 _ij^J1j 4i>Ic. a! Iaaj Leading PF ( x_a IaIaj 


. A^JI J £^>1 Lg)ljJI Jc- Cjlij£JI LjjSp C_U^. lto.V ^pjuJ IaS 



( Jc« l*]fc SjA3 4 _aj 3 CjjjLaA (JIa^VI ^IajjI S^aUJI 6 A^J 4jjouJI C_jLj»jjVI AaJ - 3 

.S;aa]| (Jaj ^la. 1 a ^ja JajuJI £^aJI cs^ C A *-J UIaIjI (_£AJj Ia 4 La \1 
^Aj ^JIxaII ^}JC- SjAaJI L-lauui SaLj ^Jl ^Jjjjoa A 4 JI ^9 ^j>»loA \\ f^g\ J \ l >»jl AjjuaJJ^ll CjljjusVJ (JAJ 4 

cK^jj Lujjua Nose Curve Jl ^ WU 4iUJ (Jj^aj Iajjj Jl J (j^al&aJVI (j- 0 Jl (_£Ajj La 

. A 4 JI jL^jI Jl S^juiIia 4_alj J (Ja j ^^A^Aa!! ^ja JjLJI s^aJI Ji 
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(_£jill AajIV'A ^)I^)<lLujI^ Qj^)juJl1| j £juAj 1! (Jj^aall — (JjJ^ljal]| ^ )\ ill 


<a£*_dl ^ JdbAJI 28.14 


: ^V*\\ CaV^Jj (^a ^ 3 \ 28.14.1 

J! jj Iaa 4_A.iiJlj s^j^aI! juljiill Exciter IL 4_x-al_k]| ajaxASI jjjaj .1 

. S.i1ja 1I 4_Il*a Sj-AaSI (jlj^aftj ^1 SjLj 

^jjuj jja 4 ^^a ^ cJi.cil 500 4 ^jjoi]| ( ^ 5 Ac« Reactors_SI (Jj^^a .2 

— ^jIa^. ^ 1 j — JUJI JjujJIj *165 MVAR/Unit aju ^ cjIajIaa 

. (Ja i^SIajuo CjIjL^ cijvlj 

3 i~ n«v cJi.ciS 500 S^IaSI CjV^a 4_la^A ^a 1 a£^ 4_1aIjjaSI CjIaj^aSI (Jj* _Jij .3 

(65 MVAR/Unit ^ ol^j 

l_ 9.til 66/220 — 220 /500 cjV^a cjUo^a ^a ,^^SI cjI^jxa 

' ^ i uo^j ^- 3 j] Tap Changer *> jj*-« <J_a* 3_uu .5 

1/66 

-29 JakLJI ^ L£ Series Capacitive Compensation _J1 .6 

.19 


^jc. P ^C. L .tU. ui 5 Aj^. Q 4iL-ial (jl 2^2 lj P Q Curve _II ^_i ]aa.V 



Influence of Series Capacitive Compensation 



Figure 28-19 Series Compensation 
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Dynamic J ^jL Dynamic Voltage support ^ a^LjoA cAjd ^Ia^i 


.7 


.20-29 ^ 4>f\\Wj i Reactive Power Support 



£Y_<Tn 


Ky^SJJ 

* 

p 

i• 


-J 

ii 



Figure 28-20 


j ■: • VlAi 


28.14.2 


I^-Lq (j>ia SAsu Ua ^aJJj 


: AAjISII ^t^Vu^t —1 

4j_joUJ^)]| ^ic- 4 _ajAL_jua-gj Sj_jAI_ia l^L_x^ajj ^aJJj c CjIa^aH (j>a jj£1 jl 5A^.j ^AaA jujj 

.4jl*i ^iiJI SjAaII (jAaJjJU CjjIj (jZjfluiA ^JaJtA] 

: *U£jjLajjjV 1 CAgj&ajt LjbjUaj ^t.vVuat —2 

4_^Jdj LujoA 4JIjl3 4_IIxa1I SjAaII (jAx-<a £jjfe L ~ aJax^ ^AaAjoaJj 

. 4j£jjLojjjV I CjIaj^aI) CjLjjUoj (j-o LAS Jajuojjj LjU^ajS) j$j\ 4AjIj1! CjIaj^oII ^Ia^AjujI (jj^Jj (JLaa.Vl ^liAl 

^_ic. CjIAj^q AiC. (_]£Loui Cj jAa. (JlxAa.1 (_£AliGj ^j_uAjLo 1I ^jjoAJ^la]) ^\ aIa^Ajuj! AjA^j ^jl t> 

\ 4jjV1 SAc-IaII 1-Aila CjIaj^xJI BjASj SjA5 ^Ac. c_a3 jjj (JLaa.1 ^ 2 wj ^Ac- 4 ^±joi]| 


ajjIAII cAjl£A\ 




: 15% >P' C / 
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(_£'LajlV'ixt qj^)ju1xJI j gjJjll (Jj^aall — (Jjj2_jl2I ^ )\ 


:i"n^v 4 4 j£jjLojjjVI CjUjILj ^^kjjojj : 15% < 

(kVAR) cA2£A\ S;2a : Qq 

(kVA) £jjj2! Sj2i :S n 



: 4-ifujbajjjVI ljU!1£a]| LjbjUaj CjUj£a 

AlxJI JU2 ^JJ i~ V* v .' > 12 jl 6 S2c.) 4 X-j^^~n x> ^ic. CjIaj£2I 4jjL1o 2 4_li£JI ^_juJ2j 

Spl^-V ^jL-x-safij S-iljj (jj-lJ 411*21 ^laJI Sj4a]| (JLa^.Vi jrln^l 4-2ax2 L_L_jajLi2l 

:4212! CjU j^2I 

^ tiL) 4AJjlaJ 4_L-a j^q j ^lall 4 jj>Ij CjIaj^q • 

ul^l (2 (Jjjjjul ^al^, ^>-o " j• 

. Gl^l sji^j 4jL<^J jLj jl (HRC) 421c. aju^ Cj!^ c2j^ >^x> # 

jajlII (JL^^Lj cjLaj^2I Cj|j)1vn ^ ^^2Lj ^jaj . 5ja2I (J_^Ijl 2 ^ReQuIetorj ^2 qjjj! ^IVi^ • 

. 4-aj|j ASks -aJ L_J^lla2l Sj4a]| (J-gIsl-g (Jjj^a^ll ^1*2 bllla l^-La L_LuAl2l 

4j.1*Jj LjJ^uuoaSI jIj2I 4^u3 ^jjjUa] S^jaillxi £jjj2( 21 JUC- 4jLjJaj ^aJJ (CT^ jLp 2^ • 

. J-aaJ! jLp J-A CJjujlnj jIjj SjLalL ^>Jal21 


DG 4^j j2j21 ljI±^ 9 ^bVu2 —3 

Distributed Generetion, _JL La 4iLjaL 4^n21j a^_ 2I ulP^ (Jj^v2 42L 4Aj^la c_iAjjjal l~n wj 
\$ 4_iuixu2l 4iUa]| (J2 q S^J»l2l 4iUa]| ^pL-a-a L^*^i cs^ 121c.) Cj! 2j^a (_ 5^3 DG 

4j>Ij <j-a S^lc. <j j£jj 4j2u1a2I 4_ij^2I (_^a!I ^Jaj La^ Jul j 2I 4_L^j-a (Jj2j 2_jjj 2I 4_L^)-a ^ 

Sja^^\ 4_L^2I ^ Cj!2j 2I jla DG ^Ua2) Ijia Lai ,^jjj2) (Ja2I ji2j2I 

.Ja^la^JI SJ^AAaII 5j2i]! (JaIS (JIa^VI (j-<» L_Jja]1j (j) (j-d c > U£21 l^^C. 3Aa2 ^^Jijj2l Al^ykj 

^jjoaj J2<ij ^2! 21 — 29 ^ La^ 4_£_ul]lj 5^j&Luul 

Stability Margin Jl ji jiSh 4±*j DG Jl ij*.j ^ ^£1 (jjjLJI Nose Curve Jl 

. flkJ! jl^l JUJj Cj^lj 
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j$\\ ; £j| j]| L_jU£]| 



Figure 28-4 

.JUa&t L^aa -4 

jIjaLuj) ^jAc. ^Jaal^xA' (J^ tiSU^ (jls AijLJ! (j-o ^joi !i! 

Load Shedding _JLj l_sjju Ia j (Jj^a^j (_^joj Nose Curve _SI 4il^ 4 bs\ 

JIa^VI Sjlgj -5 

^Ac> JaiuJall a<u-\i (JLaa.Vi £Jjj3 S^lcA 4 jj^3j (_£J1a]| £> (_)^» 4_j£J ^jjj-oLa. (_)^» cilljA 

Network J Network Reconstruction JL ^ a l .n La 3^5 c SJuiu ALa^ a]' Cj^i^Lall ji Cjlc. j 9^0]' 

.Reconfiguration 

-6 

DG ^Vutn 1 *-a 4jjjLaAI (J^laJI 4 j>Ij (JaC. (Jaa (J^l^ c^ILa £-i]a]1j 

. vILq Cjbfila 


:4>ua^LaJI 



















jaSI Qj^)juj2| j JjuAjII (Jj^oaII — (Jjj2_ju2I ^ )\ l\| 

I ( ^L La (j|pl ^}AUa c > iiVi (JjLujj ^aI ^ja <jl ^1 ^aliJ <j! 

(JLa^vU Sj-IaII (J-aLt-a ^jJjai^J — 1 

Stability Limit -Si uj 1 ^y^jxj ^ 4HjIj cjIaj^c l_u£j£ — 2 

Jx-^ai ^.^2 Optimization Techniques 21 (Laj sp«JI lUL^ jj^-a 

Cjlij^oSI ^jaSI 3*^b (jSLaVI 

^j aJUaS) jaL ZjSaW cj^ suj VAR Compensators 21 <2.1^2 ^ <^>2' ~3 

^ Uli 6AA Jjj-a2 L_>12!) uM! ijl^j aJLlaSI S;^a3I ^^jJa^-2 ^^2^)11 ^ f\A ij 

.Dynamic Stability 4 jj3 cj^IjjaI Ljj^ ^c. a^2i oLj Jjo^j ^ !^ JUi Jila ^aUj l$jl 
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HARMONICS 


.c 3 j ajh sin wave ^ voltage signals ipbJI Jl^Vt 3 c) 

jA ^<aj (J^X.1 Jlic. ^aJ 4 4 ^Ua]| (JiLl Ja^laiL ^)JC> 6.I4] (JLaaVM (Jjj^ajJ 

4 _ 2 w^-<a .^ajl (jjjli] la±la ]| 4 _ajULq A^uSj ^aJI 4 ^<u 3 ^ic. 4 jJLuo L-fiSjJJ ^J| 

CjLqjULq lj(J-aaJI 3 C5^J * 4 _xua]| JaflS t. i?\" j LqLqj 4 _iujj ^JLaJI fijlA ^^3 ^Lnl! 

^_^J1 3^3^ ^jjj Phase angle -^5^3 ^^]| 3 lg sin wave 3^11 (J^ii (Jlagx cjIaLqj 

• jLgljj 


(Jaj 3 JsA\ 4_aj 3 Ajjj c.u^. c Linear Load J! ^3]! 3* ]| 33^ 3 Jogjog ^ ^ 3^ L& 3^3 

. AHjIj CjV A*_gj (J-aaJI Aijlxxi 4 _xu 3 

5)4^1 ^hViJ 3 4 non-linear loads jLoiljl £-a j^Jall 3 CjLaajjjH J£Ljui CjIaj 

4 Speed Drives a^j^\ cjl£p^U 3 Power Electronics, PE ^jsW cjLjjj&l! 

switching power S)4^J 3* aAc. DC supply Jj 3^ S)4a.Sn ^hVi 3 Al'^j 

Jl 13 . S^LiaVI CjjuJIJI cJi CiLjjj^IaII CjLaI ^l.vsnul^ t supplies 

jLnllj ^ 634a.VI a 3 j (JIa^VI a 3 i" n n^n CLua. 4 3^ 3 c- (, 

. Harmonics _ll 3 cjLasIj^Ij I4 k ^ 3^ 3^ c^aj 6 (Jj^aVI £*3^3^ 
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jJl <LulAiA ; £jl jll 


HARMONICS .Jl 29.1 


jl t $A W/aj 4 Hj1j l^J>Lk jJJI 4_xu3 jjsuj V (JIa^VI (j-a SAjA^, ^l^jl Cj^Ja Lo£ S^J^VI AjAjJI ^ 

^1c« ^ ^ I gjlf^ dlXjAaj !J SAjA^JI &AA (jl L_1 ^LujIjj t ^ajl (j^jlii £JJJ V 

Non- (JL<^.1 j (JL<^.Vi 6 aa c-llqjuj Iaa J^ i ~ ^ (Jjoaj (jl Sj x^JI j ^uls sin wave 

(JL^Vl ^£1 4_ixjdijj 4JjiJI (JL^Vl (j-<4 %50 (j-a ^p£l (jl J-Jc. IJi . 4_JaA. ^)jc. (JL^I ^1 linear 
Iaa gliAl \jji j-Q ^Jaau Ia^s nonlinear loads l^jl ^ gn^>" <jVl ajc> 1 n^ll 


4io pure sin l$Jc. Ja.aj rectifier circuits ajjlJI jUJI a^ jjI^a cjj^ J11JI ^ 
^al Bridge ^1 Aa.1^ ajJa vliLa ^a (_)a^ s^jUI ^^9 ^aAjjolJI ^j^aAJI l-lu^ 4 ah a a (JI^aLi ]| ^Jl ^JJI 

J) ^ a]£Aj Input J) ^ a^^JI J£J ^jjj jjj£JI cA>IiaVI 1—30 cJ£22l ^ >11* Ja^V .SCR jjAuojjIj 
lUJI jV Output Voltage J£a aaL^ (A^jIaJI) J^aJI ^ jUI jUJI J£a jL Lie. Output 

. Phasor Diagrams Jl cAaAJ ^ ^1*^ ja L£ caLjIL 



Figure 29-1 ^JU jjIj^ 

(J^oJI ^ L£ SCR Jl jx^c. cs^ Rectifier circuits Jl c_aL 131 ^>j£I s^j^aj jUJI Aij 
.LLj JSaII ^ <, J~s^ ^(JilaJI sjaJI^ ^)JJI Lm Pure sin (JjA.JI ^^ SjLJj\ 4 js laj (^Jl 2—30 




Figure 29-2 SCR Rectifier 


































jjjjUl (J x l_iUI 

JaflS (jlS Ja 4 JSU fi^jojJ i_s^ JaflS UjjjJ jtn'lj?j V CjUaljJI 6,1 a 

U]j US Sj^UV I J U_)JJ J-OjJI ^a C-jjj )n xjj Cjl.lJL-JI 4 ‘ij|-\ 1 n ^J| cJj (^AxJJjuJ (_)j 4 4 - 1 SjUo 

.c_jIJI IU J ^U^a& 

c_ulS Jia ; S^_^.VI ^1 (JU^VI (j>& 4 jc^JI aU ju£ ^ J^a c_uIS diLJaUI (jl < JI l_A ^jjoi3j 

c > tn>n 4 _Uluoj ^ u*m UaJ CijlSj c Cj!Jj-JI (j-a 4_yl2l Jj)^ Jl <J 4\ju>> 4. ujj n dJj (jlS jjlj SJ^a^a 

.PE Jl S^awij 4j)o^ll ^jjc- (JU^VI j )\^"nl ^xj (jlS CjLJaljil] (j^^aVI u^ 6 ^Su~\l (_£jJI CjV^^a 



clAjaAy\\ kjLAiio 29.1.1 



Figure 29-3 


s.i£*JI Spectrum Analyzer cjUJI JJyj 5)$J JwuJ cDU. (> <jj£ 
<J jUl) 4 ^ j! (3-30 l£J) Fourier Transform Jr>k> Jc. 
J 6 4 _iUlSI JU^VI 4 JU J jis US Jjja 50Hz J! Jc> (J.4UG 
CjI^JjJI o 2Aj c50Hz Jl CjIac-Uo^ (j>& CjI^JjJI (j-a ^4c- (j^a C_l^_uU 
^A — ((JJl 4 jA*H]| j2u-^-a 4 »^^q ^ vU^al ^jjJI — 

. Harmonics Jl J cjUalJL jll 

CjlJaljj j (H5 tH7 iH3) J J 4_uj cJi CjUjaJ Jl CjUalJI Jjj 

J Ujjjoj jjSVI ^^a 4j-J 1I CjUalJlj . (H6t H4t H2) 4-i^jJI 4iJI cJi 
50 J (Jj^aU 4 _JaljJI JJjj jjjSjj 4 iu^SlI CjISjjuJI 

. 250HZ (J^UjJ J 50 L_JjjJa 5 (J^UjJ >Ua 4jauiUJI 4_JaljJI (jl 


4_ij^jjSiyi JU^VI ax(jl Even harmonics Jl 4_i2kjJI cjUialjJI ^Uajl l-uxJI^ 

(jJjUio c_JLJI ^Jl j c-i^JI pjjl l$ja ojSj jllj 4 Sin Jl jvu JU 4 half symmetrical wave 

J^ 2 sj 4_ia^jll 4 jJI (j-o CjIjJjJI Ujjj 4 4jjJI 4jJI (j-o CjIjJjj JaA3 l. »n 4JUJI oJA Jj 4 UUj 

.Arc Furnaces oVU J VI ^Jl 4 *jU Full symmetrical waveforms 


Amplitude 


- Fundamental 

Harmonics 3rd Harmonic 

- 5th Harmonic 

- 7th Harmonic 

>. Resultant 

■ it 

y w ^at^v 

. \/ . 


1 3 

5 7 9 

Time 


Figure 29-4 cjUaaljjil 


l_yaxj] jg hj 4 — 30 

4jjlLa CjU«3lci3l 

Fundamental 
150 Hz (Third Harmonic) Jl 
250 Hz (Fifth Harmonic) 
350 Hz (seventh Harmonic) 
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.I ju& cjUia|jj]| caa cf~ ^ 7 ^ ^ Resultsnt a \x^->^ a\\ aajjoia]! 4 _^ja]I ^Jaj Lo£ 

— 30 Ia^ Spectrum Jl 4 _ajJ aj^±a c > u*n (J^ai ^Ac* (JjIvJl ^Atij ^Ann s^_^Vl 




AA^jola]! 4_2v^a 1I ^ic. (_£^J 5n>i^ ^ju^L jl LbJaljj SAjAIaII CjIaAjJI ^a^j 11a3 IaI Llji 4 ^Xq £a 

.6-30 ^i~Ji <J i& U-»Vi 

Imis = V Ilil" + Ih3 2 + Ill?" + ... + Ilnr 



jViiW^ Harmonics U <. sAwi \.s\\» 29.1.2 

i PE 53^1 ^jll Jl»a,Vl J ^jUa. jjiJi ju^Vl c-uuij 4 £j Harmonics Jl J\ Uw g TiW i 
4 -n" ^11 jUJI 14A)j 4 ^ 50 Hz J ^_j_gL_gVI A t \ '."II 44 jj 4 ^" L ol"^. ^ JiJjjIa j4. ^Jl I^)Ijj L ^ ■ ■'" (Jlaa.VI 64^3 
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(J x l_j2I 

4 ) 9 jjC. Lima (J<a2l ^ja A L^l^l Ja3^21 Cjli jIsl-o (J>l 2 » 3 AJ ^ )a4 32 JI (Ja^JI ^1 34*^21 ^ja 

Lilia JJ 2 L , 2 c. ^glx-aVi .^>'1 ^^ic. j 3^-21 &Ja ^Vi j 4 50Hz J! 3 c. asY^a cjI^jjj 1 ^ 34 ^. 

7-30 J<2I <^a ^121 (J122I L^ 4a\~4 CjI^^jj CjIJ ^ 34 ^, ^ A y 14 -jV a&^jaa 52 . 1 ^ 1 ^ 34 ^, 


3I3 ^4^JI SjLoil LaLaJ 4 -UjjJ ijjl2lj 3ALua3 Linear Load 3A3 Jaiia L 3 (Ja 2I (J2uaij 12 4 jIaJI 

BBs J) ^^Jc. ^aJl SjLuo! 4 _aj5 Vj (J^ui V jjLj 
. Voltage drop J! jSL VI m&\ a sY^ aW 


Jl £3^! Y_y* 3^5 L 2 (J-<^JI {Jjxjujj xn 3^ 
Ja 31 & LidjJ 6 Ij^juia IjLjj L_ia>A jjJj 2 Non Linear 
122 1 xA V 2 = 12 x Z 2 S;2 ^aJI ^ 
. A Vl= II X Z 1 (JjLuil A49JI ^3 Ua3lA 



Figure 29-7 


AJb 3 J 1 A dia^Jj^al BBS 21 ^jxt'V ^Ac. ^J?^>H (jl <■ 4j\x^iVI ^2 ^Jc. I^jjLoAj ^iflll &A& JiLjaljj 

Z 21 CijlS lil 1 *3 w^ 63221 33 ^j Loj_u 421 c. Impedances, Zl, Z 2 Jl ^^ cjj!2 L2^ 3221 423^ 2 J3I3 


J3AJ Ua 3x3 


3 >i 3 M ^^ja JI2L3. Ja3A-14II3 ^Ua2l 4 a j)\ju$ ^2 ^Jc- ^4^JI 3121 ^ cAjaa^l j^l ^323 ^_23JJ — 1 

^ I4I j393 V I ajjj (jl2l ^2 jaj jL-^al I4JV) jl2l 3121 ^ 421 c. CJL23I32I Jia2 2 CjV2JI 

.Ja3L2JI c2a^I jla 3 >> 1 q 4 M (. ^ <uin ^21 3Lail 

123) Strong Grid C5 -* J o J j ^(3 4 jJZj* Short circuit Capacity I4J ^pJI cj K2 JI J -2 
i^y&x II3 ^ Z times 1 ^ 4ai3 3*.^-2 L3^.a lHarmonics 21 32L 33 ^^a ^a^j^a^Ia Xg r j(j 

Distorted Voltage 8“30 


7\y 


(Voltage Drop) 


vw 


TOT 


Pure 

Sinusoid 


Distorted Load 
Current 



1 

x 


T 


Figure 29-8 


i A l^flJI 6 ^A jj£I ^jJa3J 
Ja2I juc. ^4^JI a^joG ^c-ja 

j^a2l JuC. ^21 (JJaJ 

. byjZlA 3 JC. 
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jill <joiAiA ; £j| c_jU£]| 



'•^Uy|$*JI jridk g*yy 


I ^a^JI I^J (jLo^JjalXi (jvLaljLXi 

4 ^^ ^ gjUll 6jJ ju]( Ajjuoj Individual Harmonic Distortion J! y*> JjSM -1 

(jlull 'sll ^^3 4_iL^aVi 4jjULa S.1 ^Jj 

cjUaljjl! ^jU]( cjjjul! ajjoij l> uajj Total Harmonic Distortion J! j& ^1511 -2 

(jUl! “\W ^ 4-iL^aVl 4_2kj-a]lj 4 _jjULo 


Individual Harmonic Distortion Jt ulu^, 

. 4JUI ^^9 L£ (JJjlJI I^A L-jLoi^ 


1HD 


n 




1 


Total Harmonic Distortion Jt 

. 4 JUI ^ L£ (JJjlJI 12 iA L-jLoi^ 

h = Ja I+/!+/?+/i+/2+/?+...) 

7//D = (/ H //,) x 100% 


:J11» 


.4jllall ^JilL diljialjj dj^Jal cjIuiUaII (jU Laic. '< ^I ' SjUil ^ THD Jl 


Fundamental = VI = 114 V 
3rd harmonic = V3 = 4 V 
5th harmonic = V5 = 2 V 
7th harmonic = V7 = 1.5 V 
9th harmonic = V9 = 1 V 


. IHD Jl IjJ l^I 
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RMS value of the harmonics = V H = 4 2 + 2 2 + 1.5" + P) = 4.82 V 

THD = (4.82/114) x 100 = 4.23% 


Individual Harmonic Distortion Jl i^LaaJj 

IHDi = 4/114 = 3.51% 

IHD 5 = 2/114 = 1.75% 

IHD 7 =1.5/114 = 1.32% 

I HD,} = 1/114 = 0.88% 

<WlA tiiL&*i29.3 

150 C-U^. t AAjjI) 4_aj 3 ^ L_9>llk) JaAS CjLiAajjjH (Jjj L_9vllkVI 

l oh A." CjUa3|jj]| )11 l^jJaJUj CjI_iA3jjj]| 7 j_ij (_9vlj^.V i I A& ^uls t 250 

^ iGlliil! 4_iAajjjll mJIaxJ) cJ^AsuiA\k JIIaII Jjjjui • Phas6 SaqiiGncG J! ^un\ Uua LjaJ 

i a3 = I a3 sin 3cot 

i b3 = I b3 sin 3(coM20°) = I b3 sin (3cot-360 0 ) = I b3 sin 3cot 
i c3 = I c3 sin 3(cot-240°) = I c3 sin (3cot-720°) = I c3 sin 3cot 

Vj (JjoAJ V^JLlXLZ*. £JliJI iJaljJl three phases Jl <jl ^ 3 4-ujill SU.U41 j$kj Uaj 
Z ero Sequence JL ^JaljJI 0 Ja ^pll cj^LJI i-iw,, 1% Phase Sequence J\ 

.Currents 


iJtJI ^^ic. three phases Jl ^ a .^J■>.n 4j«alc(JI cjY4*-a i_u£j (jj^. kiJ J^jUll sla.U4l Lai 

ia5 ^ Ia5 si" 5ot 

i b5 = I b5 sin 5(cot-120 0 ) = I b5 sin(5cot-600°) = I b5 sin(5o)t-240°) 
i c5 = I c5 sin 5(mt-240°) = I c5 sin(5cot-1200°) = I c5 sin(5cot-120°) 
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(Jjoaj j 4_jaixil_iJI Ajflsijjl] a three phases J! <jl ^a^ sL^bLall U&j 

Negative _JLi <._9 c^jla]| l^jlj ^jjxm & ja ^\ 4-c-LaJI c_jjUjc. 

.Sequence Currents 


Positive Sequence _ 1 Lj c_ 9 j^) 3 la]| (j-° I 44 I <■ s >.^ ajuLoJI cjV^l*-a U^laj lili 

4 JI 11 II cjVL£ Currents 

i a7 = I a7 sill 7(ot 

i b7 = I b7 sin 7(<ot-120°) = I b7 sin(7oot-840 0 ) = I b7 sin(7tot-120°) 
i c7 = I c7 sin 7(cot-240°) = I c7 sin(7oit-1680°) = I c7 sin(7cot-240°) 


(jjioi La (jL 9—30 3 5 



ZERO PHASE SEQUENCE 
I a3, I b3, I c3 


(b) 


NEGATIVE PHASE SEQUENCE 

I b5 



POSITIVE PHASE SEQUENCE 



(d) 


Figure 29-9 

JSj (j-aliJI Phase Sequence Jlj cjUal^il y j 5-30 Jj-iaJI u' ^ 
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(oUstpil) (J ■ -j'-ill 



Table 29-1 

Harmonic Order vs. Phase Sequence 


Harmonic Order Sequence 

1, 4, 7, 10, 13, 16, 19 Positive 

2, 5, 8, 11, 14. 17, 20 Negative 

3, 6, 9, 12, 15, 18, 21 Zero 


4_ijUI A !■>)? Jlj . Ph3S6 S6C|U6nC6S Ljajl CjLjjj CjUasI^JI (jl (jVI 

J^.1 (j£ l<oj diia> H3rmonic CencellBtion Jl l-i^. *LgIa 

. (_£pjuo La£> Jlp>\ Aj&ja Aj&ja (jl ya \Jc)j]| 


: HARMONICS .Jl jJlfl*29.4 

cJJialjJI 2ul jj ^aI aJUI Sj^.VI 

LED Jl PE Jl Sj^aJ . 1 

C_lLuOJ^1a]| ^jJ )>s-\A .2 

Cj!2 CjIaslaII .3 


: Power Electronics _\\ cAs** ^L*iJ ^i\\ Sj^.\ 29 . 4.1 
\ji£ g3h Sj^Sn oaa . Drives s^JI cJyi*, Inverters Jl Rectifiers jUJI ola^ Ji« 

Jjjb (jl (j-a . 4_LklJI 4_^j-JI (jc« 4_2kjL^JI 4_^j-JI (J^joi c > t ntn CjLJsIjJI (j-o 

CjlJaljJ] 1^1* Vt a . aac * Sjj^ (jl VI * ljj» ^ a^hJI CjLialjj sJjj ^ 

. a^hJI 

5>iSl 12-Pulse Converters Jl zj&3j <. 6-Pulse Converter Jl 5)^1 sj^Vl ^ ^ j$A\ (>j 
S^u-all ^^9 (jjo^sJlj AC ^^11 DC Jl Ig5^-^.VI &2 a <-** .UPS Jl Sj^_^.l lAjUajl 
12-pulse (> ^jUI AC Jl 6-pulse Inverter (> a^jUI AC Jl jjj oj\& j&\ 10-30 
5^2^JI A-msJI 4-^Jl s_jjal 4 ^jUI Ajs^JI C_ul£ CjLjaiJI JJlC- LJ£ -d Lj=jI Jia.V . Inverter 

.CjUSalcplI ^gi (Jal Igjl IJaj 
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Jl AjulAiA ; J J L_jU£]l 


l2^u=fio Waveform 



Figure 29-10 



cj LjJ I p .pk±l AjjJ\ qa cjJJ Jjj p-pulse J Converter Jl J JJ s^li JUaj 

(.3< 2< 1 ) JjoiLouI! k j t pulse 


4j.J]| Jjll ^ jA 4jUI CjIJJI <. j jJIj J 4_iJu c > tn t n SJ^VI 6^-3 t lAA Jcj 

Jjjj J 6 k± 1 (_£^1_ujj cjUasIjj Jjjjoj 6 — Pulse _!! S 34 J JUJI Jjjjoj Jc. . JLJI sac-UJ liLL 

. ^4JUI JiaJI CjUc-Ljaxi l_jUc. Ja^.V) 13 j 1 1 ^9 7^9 5 Jl CjLJs Jl 


. Ia^aj 25 j 23 j 13 j 11 J; caIJIjj J 12k± 1 cjjj 3^ cAJJ gjjja 12 — Pulse jUI gjl U 
jpJ\ L-Ujoj lAAj .49 ( 3 ^ y&A Jc-Vt CjIJIJI (JIaAI 14 I(JaLoj 4j Jl 4 _jjj ^li&jl £_iUIj j 

. 6 -Pulse Jl 3 ^ 12-Pulse Jl jjl 


jSlj ( 37 4 35 


1 19 t 17) c_>lj Jl gjjj ^Jl^ 18 _ pulse Jl ^IaVumI 3 JVI 3 >* * lU^sVI 3 

# 4 _jjj^aJ| 4^JL 4 -ij^JJI CjLJJI ^9 Ia^. ^)AIj ^43 IJ 4_lxu ^Ifljjl SAj^J 


:CiLu*j^\A\ ^lAjuax 29.4.2 

jJj 4_xu9 (jl Jc. CJa 4Ja*JI SjJI j . 4 JUI Jl 3^0 CjLJsIjj I 4 JC. Jjjjj U. 3 ) 4 ^ Luj j3 ^jjL^aJI JJj 

.^gjujLujVI AAjJI jUj 3>°%30 Jl Jj -^3 J ^JjU^aJI i>AA J C_)lJ Jl 

^jujU 4ij^)«-JI CjUxJI ^J (Jaau ^9 ^jLJIj Jl ^^9 CjJ Jl A^^j 3 )C. 4jojIjA aJUI (JjIaJI (_£-3j 
CjIjUI J 4_1jIa 4_2>jAj cJJI 4_xu9 ^Jjl (JjIaJI saa 3>° ^Aa J • Compact Florescent Lamp CFL 

^LwU ^ jUl^I S^La)) J£sl ^j| ^xj LoJxuV ^3jhi-o (JjVI .jL^ 

• Jj^ JS 
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CFL 23W (Tungsram) 


Table 29-3 
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Table 29-4 



UI2000 Electronic Ballast Test Insn 
Input Characteristic Test Report 


Urms (V) 

Irms (A) 

P(W) 

PF 

Freq (Hz) 

201.1 

0.D97 

19.3 

t 0.992 J 

—i— ^ 

50.01 


A , 



^7 


TEDUi;iE)C!) 
+jo% 



0 

2 

4 

6 

5 
10 
n 
14 
le 
10 
20 

23 

24 
20 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

0.0 

o.o 

o.o 

o.o 

o.o 

0.0 

0.0 

o.o 


o.o 

1.0 

0.2 

O.L 

0.L 

O.L 

O.L 

O.L 

O.L 

0.0 

0.0 

0.0 

0.2 

O.L 

O.L 

0.2 

O.L 

O.L 

0.2 

O.L 


1 

3 

5 

7 

9 

11 

13 

15 

IT 

19 

21 

23 

25 

27 

29 
31 
33 
35 
37 

30 


voltage 
% 


100.0 

2.5 

2.7 

O.O 

0.9 

0.2 

0.5 

0.4 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 




100.0 

5.3 
3.5 
2.7 
2.1 

3.2 
0 3 

3.5 
0.8 

2.5 
1.0 

1.4 

1.2 
Q.J 
1.2 
0.0 
0.6 
0.0 



CFL 20W (Futek) 


li&j t jjjLoJ! cUliil! 4 High P 6 rform 3 nc 6 , HP A !j ^ (JjV 1 • 1 

A_l]jA]l CjlgjL^al^ll L-bul^» 4 lAlla W\l l w A] THD J)_UUJ 

|ji2^ ^JIia 4 (JjjjuJI • I EG 61000 — 3 — 2 

% 1 8 Aj3 THD (Jj-aJj . A-a^oll Ajon\ CjUaIH qa I Jjlfll) (j-Q A^jlj 4 


(JjT \ L£ (Low Performance, LP j a n>n ^ajl>/r\ .2 

. 6^*jaa L-fljoj>U (_0A-a-a]| 1-^ ^JjaiUxi 4 %100 THD Aj 2 6 

*(JJ* ^J (jjc.jjll (_)£J A^3 -o Jis 10 — 30 l£^)3 
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HP Lamp I 


LP Lamp I 


Overall load 


Figure 29-10 cjLiaI]! l^ji ^y, ,jjc. y ^ jLiiJl <." j •>jx ■* 


.iJ \a\j=S) low performance ^ja C_)]j 25 OFL AjjA ^Ac- \ 4jojIjJ ^ L<u3j 

: ^ajU^a^JI l^J Jl2vj . ^jnn'vLallj ^gj\c> L_9jjail L_Jvlia]l 

ci\j 22 (power) • 

jjj-J 0.158 (current) jUslI • 
0.66 (lead) (total power factor )(cjUal^l ^ iiL) ^LaaJI Sj^l • 

0-92 (lead) (displacement power factor) ^Iklt ijM <>U* • 


'. Jiilli La^ 4_2k^all <J£ij l^J ^^a^Lail J^_3 Cjjl£ Ig ^ ^ SjLujI ^—3 Cjljjjsljail (jl CjLmljfliljj 



Cycle Waveform 


Total Harmonic Distortion 

2.40 % 

Odd Contribution 

2.40 % 

Even Contribution 

0.08 % 

RMS Of Fundamental 

222.36 V 

RMS Of Fund +- Harm 

222.42 V 
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Harm 

%Of 

Fund 

Volts 

Angle 

Harm 

%Of 

Fund 

Volts 

Angle 

Fund 

100.00 

222.4 

0 C 

0 

0.00 

0.0 

0" 

3 

2.03 

4.5 

93" 

2 

0.04 

0.1 

193“ 

5 

0.33 

0.7 

342° 

4 

0.01 

0.0 

126“ 

7 

0.32 

0.7 

53° 

6 

0.02 

0.0 

81" 

9 

0.95 

2.1 

182 c 

8 

0.01 

0.0 

113" 

11 

0.52 

1.2 

340° 

10 

0.01 

0.0 

36" 

13 

0.18 

0.4 

299° 

12 

0.02 

0.0 

348" 

15 

0.25 

0.6 

233° 

14 

0.01 

0.0 

355° 

17 

0.15 

0.3 

80 c 

16 

0.01 

0.0 

1" 

19 

0.12 

0.3 

201° 

18 

0.01 

0.0 

11° 

21 

0.20 

0.4 

312° 

20 

0.00 

0.0 

163° 

23 

0.04 

0.1 

214° 

22 

0.01 

0.0 

253" 

25 

0.10 

0.2 

235 c 

24 

0.02 

0.0 

8“ 

27 

0.15 

0.3 

13" 

26 

0.01 

0.0 

163" 

29 

0.02 

0.0 

200" 

28 

0.01 

0.0 

276" 

31 

0.09 

0.2 

233" 

30 

0.01 

0.0 

103“ 

33 

0.05 

0.1 

104 s 

32 

0.00 

0.0 

120" 

35 

0.03 

0.1 

216" 

34 

0.01 

0.0 

126" 

37 

0.10 

0.2 

325“ 

36 

0.01 

0.0 

165" 

39 

0.01 

0.0 

131" 

38 

0.01 

0.0 

112" 

41 

0.04 

0.1 

196" 

40 

0.01 

0.0 

14" 

43 

0.01 

0.0 

310" 

42 

0.04 

0.1 

28" 

45 

0.02 

0.0 

159" 

44 

0.02 

0.0 

195" 

47 

0.05 

0.1 

295" 

46 

0.01 

0.0 

174" 

49 

0.02 

0.0 

220" 

48 

0.01 

0.0 

332" 

51 

0.03 

0.1 

146" 

50 

0.01 

0.0 

98" 

53 

0.03 

0.1 

26" 

52 

0.01 

0.0 

74° 

55 

0.01 

0.0 

156" 

54 

0.00 

0.0 

51" 

57 

0.01 

0.0 

263" 

56 

0.00 

0.0 

341" 

59 

0.01 

_0.0 

54“ 

58 

0.01 

0.0 

203“ 

61 

0.03 

o 

154" 

60 

0.01 

0.0 

119" 

63 

0.01 

0.0 

61" 

62 

0.00 

0.0 

260" 


Maximum Voltage Harmonics 
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(oUstpil) (J ■ ^ali — -j'-ill 



4_2k^all J£ii Loia z x_2 ClA zJ& La^ 4_jjjl^ jLull SjUil CjUfiSlcplI Loi 


Amps 



Cycle Waveform 


Total Harmonic Distortion 

93.03 % 

Odd Contribution 

33.02 % 

Even Contribution 

1.51 % 

RMS Of Fundamental 

0.13 A 

RMS Of Fund + Harm 

0.18 A 


Harm 

%Of 

Fund 

Amps 

Angle 

Harm 

%Of 

Fund 

Amps 

Angle 

Fund 

100.00 

0.1 

0 = 

0 

0.00 

0.0 

0 = 

3 

71.39 

0.1 

175= 

2 

0.07 

0.0 

63 a 

5 

40.76 

0.1 

ir 

4 

0.09 

0.0 

116= 

7 

29.32 

0.0 

225= 

6 

0.21 

0.0 

90= 

9 

22.72 

0.0 

64= 

3 

0.23 

0.0 

99= 

11 

10.57 

0.0 

270 s 

10 

0.27 

0.0 

143= 

13 

7.45 

0.0 

153 d 

12 

0.29 

0.0 

117= 

15 

6.14 

0.0 

12 = 

14 

0.05 

0.0 

327 a 

17 

4.93 

0.0 

269 = 

16 

0.30 

0.0 

166= 

19 

7.33 

0.0 

113 = 

13 

0.05 

0.0 

193= 

21 

6.04 

0.0 

312 = 

20 

0.13 

0.0 

59= 

23 

4,23 

0.0 

134 3 

22 

0.33 

0.0 

195= 

25 

4.64 

0.0 

33 d 

24 

0.25 

0.0 

23 d 

27 

2.30 

0.0 

229 = 

26 

0.24 

0.0 

303= 

29 

2.17 

0.0 

169 = 

23 

0.35 

0.0 

31 3 

31 

2.73 

0.0 

12 = 

30 

0.29 

0.0 

237 D 

33 

2.71 

0.0 

246 = 

32 

0.34 

0.0 

53= 

35 

3.05 

0.0 

94 3 

34 

0.12 

0.0 

23 3 

37 

2.50 

0.0 

309 = 

36 

0.42 

0.0 

326= 

39 

2.31 

0.0 

130 = 

33 

0.12 

0.0 

143= 

41 

2.33 

0.0 

26- 

40 

0.15 

0.0 

299= 

43 

2.31 

0.0 

246 = 

42 

0.45 

0.0 

259= 

45 

2.41 

0.0 

103 d 

44 

0.33 

0.0 

290= 

47 

2.37 

0.0 

293 = 

46 

0.19 

0.0 

327 3 

49 

1.54 

0.0 

145 = 

43 

0.15 

0.0 

107= 

51 

0.35 

0.0 

1 D 

50 

0.26 

0.0 

343= 
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% of Fund 



Harmonic Order 


. "Arc furnaces" c±\sA\ 29.4.3 

4-lLijj ^ i mL —^ la£ CjLiflSl^ail ^ya Cjlj ^ji^V 1 Jjlj 

"Short Oircuit" ^-^a ^Ijj i _ 5 Ac. s^_^VI &aa (J-oc. s^£a ^3^ cjIajl* ^ 

U^3 (^jual ^gA^J (JAjla]| 4_ajULg ^ !a^ 4_i]lc. Sjj^. a]jj Lille. IjIjj c > ^ ^n°l Ia^. 4_xAjj^i 4H<ua 
0JOJ C—fljoiyU jLplI \W Ia& (j£^i t (jAl*-all 4 m Sjl^pw 4_2 vja 1 (Jju-a^ll ^-iLaJjaij 4 \\a* II aA^J ^IsaIaH 

(JL^Vl c5^li Aic. s^aaII sa^. cs^* L<ui "Harmonics" cjUiaijillj ^xuaij La 

. Ljajl CjLiiall J^IAj A \cl \ u ^%\\ C-lLod-all oAA (Jag! SjjL^ll 


4 iaix. ^ 1^ Aa 4_lla£j| AolVi^ll (J-a*J L^jl LalUa dlLiAaljJ aIjj V A ninlil \* I L^Jj-aj CS)!j)^ <all 

4jjojj ^gjaiUll (J£joi ^jl ^ 11 30 (J£jo^I La£ ^B—H curvo _j 1 *>ijl a_9jju ^ 4j )>>1 jI^IA x-a! 1 Al^-all 
L> ^l i a^JI 4 _iivlc. jxo j ^1 non-linearity c/c JL Jifcj laj^JI jUII jl VI /LaaI ^aII a^JI 


.^jjaull 4gli‘i4 (J^a IaI CjUialjli] jjAj^axi (Jj)^x>ll ^ n^ij J£jAJI ^^gi La£ ^ ^ic. ^ n^ija 
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Figure 29-11 ^ L-iLtl^ltl 


. SjjJ-a ^l^jli 4 ^j ail 44c. <.njoLi (j£lj >jj< jj£j V S-llc. CjLiasljjll 4j^ (jl ^i-_)9 


4jSj&la SjLj jjl IJlAj 4 o IVi 4jl^j /j>s 4_uj3 jjj», >Ti 4 Uoi Lijlc. 4 j\ ^r. ^" iljl iV-^/j 

j<LJ1 7- Ll^lII ^ JliLajl ■ ' ^Ac. 4 CjUflSljJ 4 ^]Jjj ^Auull 4flU'^ ^ J3^-- 1 _ ‘ L '~ ■ ■' ^ A 

>tigj Ia&j ^4uull 4 0 li '1 a (_)4. *ij (J»-vj Ia&j I j t A j^Q 4J 4 . >2 -N '4 4 9 \.~ U ^__3 (_jt-4^VI (j^£j 

. JI44II (J>Li Cjlj«3ljj]l (_0~l 1114 J4JLJ 

^jl ,t"\Vl 4 jljoJ^]I S^_2k.V 1 ^yA 'jlaAJ CjLiAsl^jtl 4 _jjj -"■•*- li 4- 30 (Jj ^7~ ^ 


Tab/e 25-5 


Device 


IPh Computer Power Supplies 

3Ph Computer Power Supplies 


3Ph UPS 

Electronic Ballasts 

6 Pulse Drive 

12 Pulse Drive 




j* <^UI JSU1I29.5 

1 g""' Ze\i& (j 2 alikjl La4 o^ 4 k.lj 4 oh A 4 j CjIajcaI] S4j4C- i’iNCi^ CjUasI^jII ‘ -n> " 

.iuj^Slt 4 ^U C_A Ajl-gj 534^.1 ^9 ^jC- -Wjl_l]l *" all ^aI ^_1j 1 1414C. (JjJaotJ ji 
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j$\\ ; £j| j]| 4 _jU£]| 


:d±^^k\ cAju^\ y\\ j±iVl 29-5.1 

(jjSLj Aj-IiI^J) 4jjujlaaH JjsIaaII S^Lj L t \ u ^ CJJ^ Jjjb CjV^-oII ciiljiialyjll jjJj 

. (Jj)^ <21 S^Lj ^a ( ^JLoa221 

jjjL l^J JJj21 ^ 4_2l*JI A^uall Cj! 2 CjLaa^pll ^j j JJjjII ^^ic. ( — Cf 0 J21 2*21 Juuaj 

. (Jj)^<21 (JJasU ^1 Lo-o (Jjail 33 AJLJ ^Jl Sjj^JI Aa^p SjIjj L 0 SS 6 S 


Eddy current Losses J 1 , J& Uj-ub 


W=kB 2 f 2 

c e max J 


Hysteresis loss J 1 ,j£- Uj-uh 

w h = k„BZ/V 

(JjAjuJ < ^Ac« l^J^curf'VI ^aJJ A_x^al^ CjV^-^ (JIa*JjujI — A_2lc« C > u*m CjUialyj ^J-^3 £^j2-21 (j-o 121 — ^x \'\)j 
^a c.212] (J a\\ 4b\*\ \ s2_jj ^1 12 a 4 K-Factor 3L <*_ sjju ^>j£ 1 (jL2 (JjLgIa 

. CjL2sly21 ^^3 (JSj2 i (j^ug'v 


K-Factor __\\ y& L 29.5.2 


Hi Speed— A_ijs^aJ I^j ^y21 (JL^Vl a_ac. jj jjljj ^a ^_\a\jla 1 \ 12 a aj^a! cj^Ja 

*2 a J£a 4 Discharge Lamp I oLJ ^ ^ u212£j ^Electronic Switches 

Harmonics J JUrJ j! j^l Non-Linear loads aA^. jjc. JLJ l$i ^ JUJ2I 

J21 S^a. Aa^p p IajjV A -Djui21 


.^ 3 ^ 3 ] A_2l*2l Ajjoi21 £a (^a\x"\W ^j<ax«o" l^J CjVj)"\<21 ^ja Ajc^j ^ 3 ^ 3 ! AjalaJ! Cj^Ja La ^ja j 

(Jj^aj Aj)o^v (JL^Vl Ajjaij Ci3l^ 121 ^^Vu.n K - 4 Transformers Jli (J12x2l cJ^f^ <^5^ »Aj)n^ 
Ajc^I 62 a I^j jj£j AjjbVI ^gjUxJi AjAxj ^ CjV^-aII (j-o Ajc^I c 2 a ^,VVn*n 5^lc.j 4 %50 Jl 

Ajc^j 4_ uti^> (Jj)*s. a\\ <■ > ^A 1a1\ K - Factor 21 a^xaS 6 — 30 (J3 ^ ^ cft A 13 • (j-° 


. ^_ 2 c> a \ * ^ 3 <2 1 
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(oUstpil) (J ■ ^ali — -j'-ill 


Table 29-6 


Load 

K-Factor 

Electric discharge liqhtinq 

K-4 

UPS with optional input filterinq 

K-4 

Welders 

K-4 

Induction heatinq equipment 

K-4 

PLCs and solid state controls (other than variable speed 
drives) 

K-4 

Telecommunications equipment (e.q. PBX) 

K-13 

UPS without input filtering 

K-13 

Multiwire receptacle circuits in qeneral care areas of health 
care facilities and classrooms of schools, etc. 

K-13 

Multiwire receptacle circuits supplyinq inspection or testinq 
equipment on an assembly or production line 

K-13 

Mainframe computer loads 

K-20 

Solid state motor drives (variable speed drives) 

K-20 

Multiwire receptacle circuits in critical care areas and 
operatinq/recovery rooms of hospitals 

K-20 



? K-Factor ^ l±A 29.5.3 

l^j A SjIaII CjjjLnlh 5^2 v^a1I CjUasI^j]! 4_ia^ (Juin lAA lJjSjjj 

Fundamental _ll l^_i3 Loj ^LuIIj ^v w~ Iaa c-jLol^J ^JjVI IaIj - 

jLilll L-bui^J ^JaII £>jlA (j-0 


I T - J~1 1 + /| + /| +.. 


^]£]| jLui] 4 im’iUj Ajialjj (J£ 4 i.»ii 1 '.^3 

- A - 4 

4 = — and / 3 = — etc 

*T *T 

k—Factor J! l-iLuo^J 4JI11II ^ 


^ = /' 2 * tf + h 2 * f 2 + /- * f 2 + —. 


f 2 * r2 
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jtpJI (jlj Laic- Ajjai. JJC. Vl-aal (_£, 1 *J AauiIAaI! K-Factor J1 4-<uI 


200A 

of fundamental (60 Hz), 

30A 

of 3rd harmonic, 

48A 

of 5th harmonic 

79 A 

of 7th harmonic. 


:JaJI 


I T = V200 2 + 30 2 + 48 2 + 79 2 = 222.44 


, 200 ,30 ,48 

l t = —— = 0.899 and I 3 = __ = 0.135 and U = 

222.4 


= 0.216 and I 7 = 


222.4 


222.4 


79 

222.4 


= 0.355 


K = 0.899 2 * l 2 + 0.135 2 * 3 2 + 0.216 2 * 5 2 + 0.355 2 * l 2 

= 8 31 


d . Lc-^IIa ciAjaa\a 29.5.4 


\ CjVVI, Jfr_CiUSal jjjl_jjjlj 

c 2 lA in>n ^ JlAflll 3>* Jilypj dibSalj^llj CjVVI jjtij 

• ^ ^ 1 k ! SjLj Ljajl Jj Ji3j c (JjjJI <*—jjJj j 4 CjLiAaJjjll 


^Ac, (Jj-GJ jluJI j! <- > \ u X>11 4_jj^jaJ 4_!^ jjJ 

(Jx-aJ Uj^ (jl j-Laic. ^Isi t S^Ljj LqJjujV ^ Skin BffBCt ^Jajuall 

V3.ria.bl6 -!) 5)4^^ (j-a I&jjc-j 6 .I 4 I p-aJ) ^ 5)4^.i l. jjjoij jIjj ^ 3 ) 4 *^/^ 

4^jp ^ jjjojj Rotor J) cj|;Lj jUl) J»> n*i 4 JUII oUabjH jli Frequency Drives (VFDs) 

. BAjoU cilj^ 3)^ k L, J 4 _ajUL<AI 4^oi3 ^aJ 3>0J 4 CjvL-a^JaiLa 4_^.Luo>a 3>° t W Asu^y 
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Crawling cAZ^a jl J (-a^jjt S^Ua 

(j >ix ) (jl cJSA ^JjuiSj j .4^^aJI (jC- ^lHaVI S^Ua Jl Jl*\SI liSj^xJI J CjLa 9 Jl (jl /J-oJ 

JL U jl Reverse Torque ^nun negative sequence J! ^Jl ^ gj jLJI J iliUll 
534^)3 4x^jjaJI ^vJI S34J JJ Si Jl 4_2hj*i]| AJlc. cjLa 9 Jl 1 Breaking Torque 

. CjIS^-xJL 4_j^alaJI 4_i3 jjj^MI 4^JI 

Rotating ^cjjjjaj 3 — phase currents j3^ (jl ^Jc- ^ cjI^^JI Joe- (JjjLJ J 

(J>1^ 4jjJajja^ aJJLJI s^C'IaII (Jx^jjuo cjU 9 IjJI <■ > \ u ^ aJJL 6 Air gap Jl ^ ° L ^ ^9 Field 

.negative sequence torques c t nu n LJ^ jVl Jc. 


50 j* ^ Jl ^JI cji UUa synchronous speed, Ns -SI c^L^ LJ JaJI jjli 

^ cAJ 9 Jl JL (ilSi^ <iJ*JI uhi^ *> Jl (jj^c. J 5NS ^jj^ 4J9I Jl Jl 4 jjj& 

4_>J a Jl jJ JJj cjajl £>143 c Negative Sequence Harmonics J! ^Jl 

.^-jJajI ^ ICoaH aAA jj4_la (jl^ Ld^ 4_d Ic. CjLa 9 Jl ad& 4, Uj/i C_ljl^ Ld£j 4 Jj^aVI 


: C&bllll Jc> CjUSjl $lll jjjIj 

J Li^ 4jjh^ 4»^jJ ^IajjV (Jj^sj-aSI 4_a jliLa SJjj I 4 J-G ^}&Ua-<i S^C- ^^3 CjvLUJ ( Jc* CjLa 9 Jl jjjL ^Jaj 

4—9jxJ Li j (_Jaj-Jl ( ^ 2 kjLaJI JajJI qa cjjaSL ^hillS Jlxll .i^JI CjL j Jl (JxJ 4 >jVi (_Jaj-dl 4 ^q jULa 

IAa (jf~ ^cjjj j 4 JlLdl ^lijjl 4_2k_uj ^4^JI ^9 Jaj^AI s^Lj ^9 cjLabI^^SI c—iix^ L^ 4 Skin Effsct ^uuoL 

.(J^IxjSI 4 lofl' Jlic. ^4^J| ^lijjl ^9 ^ > ^ ^\\\< J 4 4 4^UaSL ciil4JjauiSl ^Jl ^4^JI (J^aj ^aJlO 

ciSliA L^h c3f^ L^ Skin Eff&ct ‘• > \ ui v Loa ^jjjjS cjL^Ij^SI <■ > \ u ^ (_)^l^l ^)_L)^ l ju ^l 

:4J^Ixa 1S DLL Dielectric losses Jl 4^u9 pLjjl jAj Sjl^pLl 


P d = 2nfCV z tan S 

. (JjI£A 1 4_i9ljJal 4_j^juj IAAj 


."Neutral Cables" Jjbult <iP k> >4^1 


^jjojSj ^UjI h^ 3 c^l-^ Neutral Jl <Jj^as^LJI cjIjLJI ^ 4_ixnUI AJLaJI ^^J9 

JjboSI Jaiw jLj oj^ "Unbalanced" jl^VI ^ ^ Ul 4" Balanced" AijiJI AJUJI ^ ^UAj 6 ( 

. I^Lujj V 


Phase -^3^3 ^*^*-4 Jjxm l-4^L£.l_Ja-oj AiJlAJI 4 _jj^I d>° "Harmonics" cjLi9l^JI ^3^3! I^Saj dAli 

jij Jl Lui 4 jjA-i^a (_£^l_ ujj Jj Lj^. cjIjLJI ^-jxi-sxi jj^LSL 4_jli 4 JLUI l^jljli Angle 
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j2l ; £jl jll 


s 2 jj ( 3 i>^ _^j-21 Jl _ uj JtjlLj 4 "Over heating 4J n,w ^ (JjSSI SjI^ 4_aj^ 

(JjIajSI (J k ^J) A ^bsA S^Lj (Jj-o (_£^a»VI (J^l^JI ^uaxJ L-jJaujj CjIjjjI2I (^jIaaI (J2jlj 1I (_)jSS CjV«4xa 
42a^JI JLafyl IajjS jlS 6 Full size neutral conductor C 5 -d J a J j L ^ L_nJ I Iaaj 4 
c£US ^bvi J fjj jlS UjL^ 4 _il ^^laj. Reduced neutral size ^a ^ U ^Vi US 
240M x>ij°i (jVI IaI t ~^a 120 (J^l*2l (JjIS ^S^a 4-a. Lui A o^j 6 >Ua ^3*240+120 I 4 *^ Sa 

. 2]| CjUaSj s^aj-21 CjUaISI^ ^JVI l^j jjuojj ^21 4_jjUVI ^UaSI li&j 4 2 ^a 



Earth_11^ Neutral _ SI ^Sl ^bUjI ^1 s^jjjaSU (J2jl 2I Jaa. ^)Uj ^bUjI 4l-i^yLa ^a 

. (IEEE1100-92 ^LaSUUI 4^USI cA^I^aIS UUL) 4^L,Vl i^l 

:4_>jUJl ^-ajLuxq ^2^ cjUSfltglSt >jjlj 

. cjUasIjjSI I^jjjujj ^21 s2A)ll 4 jj)^n ttll <> ? ajjujj choke coils (JUac.1 <.** v (jl (jSaaSI ^a 


S^jSIl CjUSjl $21 >lj1j 

^jjLail JJjj <jl IaSUs JaA3 Laaau^a mj ^P. F = P/(V. I j ^ 4j^jloMl CjVAjlaSU 4jbaiaJ ^21 SjJiaSI 2-aU-a 

^ja c > u*^j True PF ^aja^SI Sj 2 ill (JaUla ^jla $2121 ( ^a cjUas!j 2 I .i^I^j ^a IaI 4 50Hz ^)U2 Ij ^Sl 

:a2USI ALU2I 


pf true ~ ' 


avg 


VIrmshrms 

4ajLuoSI ^JjIxaSI ^Jj^aJ ^aJ ^ja j IajLuo UjSj LS 4 aja1I 


^1 + (THDy/lQQf i[l+ (THDi /lOof 

jL-a IajIj 4_jV ^ ^ SI S)\A\ 6^jouSI Jjjb (JIaAI ^jSaJj 

: IaS JaJjamSI JlXJ 


pf 


true 




Virms firms ^1 + (IHDj / 10o/ 


4-ajAj a^joilSI I^A (jf- ^lxj ^^Slj jLnll ^_3 6jjuoSI SjUj £-a 5^)^aSI (_1aIxa 4_aj3 ^jjIj 4jajS IaJ 13 30 (JSjuiSIj 

.Sj^aSI (J-oIsla 4_aj 2 ^aAaJj CjUasIjjSI S^Lj ^a 4_j| ^jJal^SI ^)a 3 4 THD — i 21 
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Figure 29-11 


Table 29-7 True PF 

I able 1 : Power Factor and Current Distortion Measurements for Common SingLe-Pluse 

Residential Loads 


Load Type 

pftfisp 

THDI 

pf din 

pftrue 

Ceiling Fan 

0.999 

1.8 

1.000 

0.999 

Refrigerator 

0.875 

13.4 

0.991 

0.867 

Microwave Oven 

0.998 

13.2 

G.934 

0.932 

Vacuum Cleaner 

0.951 

26.0 

0.968 

0.921 

Fluorescent Ceiling Lamp 

0.956 * 

^ 39.5 

0.930 

0.889 

Television 

0.983 

^^121.0 

0.637 

0.629 

Desktop Computet, and Primer 

0.999“ J 

i40.C 

0.531 

0.530 


(^Jjj SpA^I (J-djL-G i^\ (jl ^i CjljA2jj4]| C > Unn Ua Ja^vLdjj 

^ (Ja^II Jaj) Ai'n ^ 4jjJajVi Sj-IaII ^^9 -2A3 4_lc> L-llxL<ua 4 ^JjuJI ^)l_n]| ^IajjI 

CjIj (jl aau jL^jI ^ <- * ni n~ j Lua t ^ ^Iajj! cdlA (jC- jjjiij 6 CjV^-oSI 

. J^ 11 ^3 JaS^Cj ^3 S^aI! (d-alx-a ^j>>1o^ M l *\ u n~j i^U.VC j aC n7\i 

: ^>uLa]| Sj^aI , i Jc> jjjIj 

.23j ^ n^v Jia CjIA ^jj 4_aj^£ 1I 4jA*all (j! (JjAjojI ^Ac- 4iUa]| cilyl gnd S^jljLxi ^aJJ 

.Average ^^Ac. 2 uu*j LujujV cjUAajjjl! ^jc. aILL^ cjIcAjS cablA*JI ^Aa ^gAaau 
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j£]l 4 jujA 1& ; £j| j]| 

SjAUI (JaIsl* 4 _xu 5 ^^ic. SAolJ Cjjj 

True PF L J^ 1 \ I lU*-^ .^Uli s)$J ^ *lkkVl i.iun )Aa>j Power factor 

I 4_L-ai^a 


Ai CAjfiSjj^l <jl A^.j i~ n*v (J^AjuJI 4^^ ^j^aj Allj L-Ujuallj 



<_n^ jiu% ^?JI qu .^fcuUi jjiii (> gjUii displacement power factor y* JjVi • 

(Ja^JI 4xAila 

.oUa^t ^aUI! distortion power factor j* • 

(JjA^JI Ia£ 6 jjou]| c > nun (Ja1jla]| ^ja (Jal true PF 1 A$*Ay (jc. (JaIslaII ^a Ullcj 

. UL^V ^Jaj CjUx^II 4^£L^JI .^jLoJI 7 — 30 


cAJifltfrilt >jj\j 

(jl ^jju Xq — ~—-jy c a^aII AajljLxi (jl ^laLAa c ]jaAa Ia lAlc. CjIai£a]| ^Ae. c_AjAajjo]l jjjb 

Lille- jLj CJaubAiJ ^aJ (Jaj < Al£a 11 AijljtA (jiabLkj! JJ Jjjuo CjUasI^I 4_jjj 
^ I^jujjALuj S^Ua CjlAajjjllj 4JaJJjA (_£^kl 4 AjjI£ S^Ua <ja ^lau CjUj^aIIj 

-JM\ 


6>&Ua 29.6 


. Resonance s^Uaj La juc ^ cjlAai^j!! j^^l 4aa»l >«oa 1) ^)&j^la]| 1 a 

(j-a ^)jj^ ^ c CjXjIUI (Jja CjIa*_a1I 4 *jj)a I^IAsla tiiA ^ u^il 4 ^jjoJI CjIaI^aII p^^a 

Cjl_j e^A [js\* \\ jLi^jl c & Q\i ij ^ SVC 4 Jl*jill jjc. S^aIII CaLja^xA (JiIa CjI^haII ^^a I^aIa^AjuJ ^All 
4 _ajIaxAI 4^jjoAI diaJI qc- 4_^j 1_AI ^ Inductive reactance ^ 4 jj^JI A^IaaII cj^Lou IAI 4^jjoAI 

0 uajtj Aic. s^Ua ja ^a .1 LjJ^LujLj t 4 m ^ diLiAaljj Ale. ^ Capacitive reactance ^ 4_i jajoJI 

-a<u^\i CjIjJjHII 

(J1 <a*sV I CjIaLq (jaJj 6 Sj-IaI! (J-qIx-o ^jjjoi^J CjIaj^q Jajia^J) CjIaj^q (jalj 5 ^)jb LuHj 

. Ijl-g 3 cs^ CjIaLAIj CjIaj^xAI ^3^3 (jc. L^jU AHA (J^ ; 


bj.Jl5\.\b bjy\^L, 29.6.1 

<. aj^AI Aajlatxi (^Lai l-aLAI AajlaL-o ^j! ^I ooL = l/ooC (J*>j fn u^*-^ a^.|jj IAI 

S;IaJ ^jjg^c. c aj^xAI Aajlx-o 5 ^Lull (jV (_^Lojj ^jAiajlx^AI 03-^ &a1c^ ^113]! Cja^j AjAlxa 4 4 JjI*a 1 I 


739 














A9 t = 4 jK11 S^IaI) AijljLxi (j — 4_ixijl jULa A^2 wj ^»Ac. ^^9 — 4_j| .^Axj Ia& j 6 i_a1a]I AAjlxxi 

.spU! ^ ^aL Short aj^j Short circuit (Z= 0) UjaJ 

4_ilaxull ^ja 3! c t n>i\ 1000 Jj 800 (jAJ <£±jJ! Cjlijia ^ n^n (j) CjIaAjjI) ^j9 

^ jjjj cjja^ ^ jJu V^j i (Inductance and capacitance of the source ) L s and C s JJ 

AAjjI) (jf* Juaj ^jLJLi 50 AAjjI) Clu^. 4 jaI*J) c_aj^)lal! 

V C5 ^l saj^I) l( a^. Li^c^-a Ijjjoi 4_i^jl CjLojIa-o (jf~ 5jIjc> JU^I U 3^ u^J 

^ja] limitation ^jajj s^jIaII 4 _A 9 liI! saj^^]! *Lo^ULa]I ^a IgAajULa ^ajj aajAIL ^jIjj 

. cijjA^. ^Ijj! jIaII jlnll 

• L&JJ c£)lP O^J : ^ u^l J^J 


l£j\yi\ (j±aj 29.6.2 

Self 11 a 1 " ' '•>■_' -lk 4 (j£jljJI k /j i\. ^ SjJJI ^9 Cjl ft lJlg t" il tfVsJI LaJjc. t" \ *i-v j 

Jl ^jjj Self-capacitance Jl ^ tkiau J t X L cjI.i*-JI olik <jjjj X C s capacitance 
Short Circuit capacity, SCC J l*£ l^yi ka£j &A 11 Equivalent reactance, X LS 

.14-30 JkJI ^ LSkiJI 


E 



fn =1 / (2Jt V LsCs) 
XL = 2lt fn Ls 
XC = 1 / 2jt f n Cs 



Figure 29-12 


Network Jl (jAJj oj Jill (JaIje-o Jj. Cjlfljko (jaj 'V- Liajl I1 a ( J 5 VI ^^Jl jr^3 

■ 15-30 JkJI ^ cjUalpU 3 r v<^ Akai. jjc. JkJ ^ inductance 
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IlkV ISO MV A 50Hz 



Figure 29-13 


(jJLij 29.6.3 

^Ac« 4 \ trO y& C-llALa j CjbjJ^-o U^J ^4^ S^tAall 6.A& (j-a LgI 

c_j£j-<AI 5j4a]| (J-oljLxi (J^ Aic. Jli<A! (Jjjjoj ^^Ac^j 4 16 — 30 (J^joAI Lo£ 

.(JjVI ftU^Jjal La LaLaJ 4 _iAjJ AA^jouAIj . BB Jl (JJiftj i_s^“ 


!4-^Ia 4Ja \a 

o±y ^ a Lv 6 spUL ^^La Short ^\ oj^ jLnll s^Lj (J£ji ^^Ac. L»j Jjjjl) o±u 

. S^Ua IA&j . J4^JI S^JJ^ S^ljj (J^joi ^^jAc- ^AaJ 



Figure 29-14 
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:<Ly>b2JI <£.mJL aLyul£*JI jfeyiJ 4MLyJI 29.7 


CjIAjl-o AjLo^J CjUaS^jI] l^J ^^<ujaa]| /w^ W \\ ^ic. 4_L&]lxJ) 4 jjojLia]| ^aJax a (^yaJJ 

. Jlull L£ CjvLoIjlaH £>a& jLill! CjLiAaJjj j^.j ^jc. 4 _^jU 1I jtj^H 


IEEE 519-1992 aijuAilW 29 . 7.1 

i\j AjL-sal^JI CjlgjL^al^]! J4^l 4 &A& ^)JJXJ 


J)l^JI (JU^ajI 4 JU£» A^aJl CjljLi! ^ ^^ajuiaII Cjla^ljlil (_£^a2 £jJoj 4 0l^>'j^\' £>A&j 

.Point of Common Coupling PCC aSLJA L 

jUj 4_}^1a 4^ S-^)&aa]| CjUasI^jII 4jjjujJ (Jj^Jjoia ^JaxJ ^3 3^9 2^ 1 — a3j (JjlA^Jli 

. SCC/l|_oad 31 ^4^ 4fl\~ i i's a CjVI^ (Jma'v ^^9 (Ja'nII 4 \*\ mj 

Uia Ia£ lAj^Laaj ^3 -ajuiaII L_bjaill CrflS IaI^ ^4_*jjjja SCC ^ 4_jj 9 4^1 Ci3l£ IaI^ 4_j| Ja^vUj 

4il *14. a\\ BB _JI Aic. jjIj /j>>lo4. M ^jju I A&j 49 jLx_a]I 4_aj9 \\ ^ \*~\ ^ ,^->q\1 4aj 3 ^jl IfijLuo 

.Ujjuaj IajoJI (j^AJ ^aJ CjUa3|jj]| Cjjjljj JJJAJ 
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jill <joiAiA ; £j| c_jU£]| 


Individual Harmonic Order (Odd Harmonics) 


(^idlA.ui \ *•) C*1£umII j jLioJ' : (1) 


Maximum Harmonic Current Distortion (in Percent of fj) 



<11 

11<h<17 

17<h<23 

23<h<35 

35<b 

TDD 

<20* 

4.0 

2.0 

1.5 

0.6 

0.3 

5.0 

20<50 

7.0 

3.5 

2.5 

1.0 

0.5 

8.0 

50<100 

10.0 

45 

4.0 

1.5 

0.7 

12.0 

10Ck1000 

12.0 

5.5 

5.0 

2.0 

1.0 

15.0 

>1000 

15.0 

7,0 

6.0 

2.5 

1.4 

20.0 


Even harmonics are limited to 25% of the odd harmonic limits above. 

Current distortions that result in a dc offset, eg., half - wave converters, are 

not allowed. _ 

AH power generation equipment is limited to these values of current distor¬ 
tion. regardless of actual l L 

7^ e I e maximum short - circuit current at PCC. 

I = maximum demand load current (fundamental frequency component) at 
PCC 


(UJ N* > - M ) j ^jJI ^UjJI JjJA : ( T ) >Jj J^ 

Maximum Harmonic Current Distortion(in Percent of l L ) 


'sA 

<11 

11<tx17 

17<h<23 

23<h<35 

35<h 

TDD 

<20* 

2.0 

1.0 

0.75 

0.3 

0.15 

2.5 

20<50 

35 

1 75 

1.25 

0.5 

0.25 

4.0 

50<100 

5.0 

2.25 

2.0 

0.75 

0.35 

6.0 

100<1000 

6.0 

2.75 

2.5 

1.0 

0.5 

7.5 

>1000 

7.5 

3.5 

3.0 

1.25 

0.7 

10.0 


Even harmonioo arc limited to 25% of the odd harmonlo limits above. 

Current distortions that result in a dc offset, e g., halt - wave converters, are 

not allowed _ 

• All power generation equipment is limited to these values of current distor- 
i, regardle 

where 

/ = maximum short - circuit current at PCC. 

maximum demand load current (fundamental frequency component) at 
PCC 


tion. regardless of actual t^/i L 


(U J U \< ) j jLajJI ‘ (T) J 3^ 

y/ L <11 11<h<17 17<b<23 23<h<35 35<h THD 


<50 

>50 


2.0 

3.0 


1.0 

1.5 


0.75 

1.15 


0.3 
0 45 


0.15 

0.22 


2.5 

375 


Even harmonics are limited to 25% of the odd harmonic limits above. 
Current distortions that result in a dc offset, e,g. r half - wave converters, are 
not allowed 

• Ail power generation equipment is limited to these values of current distor¬ 
tion, regardless of actual 1^/ l L 


vybere 


sc 


maximum short - circuit current at PCC. 


/ = maximum demand toad current (fundamental frequency component) at 
PCC. _ 
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: till jJ SjLall l^J ^j).XLuuJI L—Luaill ^ 4 LJ 

Total Harmonic Distortion l$K J Individual Voltage Distortion 2j&\j& 



c-Jjj cASp^l (JiLo CjIjjaI) Juc> S^Lj %50 Ajjuojj ^jaII a,4A ^gjojj 4jLi ^1*-H . 




14 -aJI Cj\A ylu jjja ; ( t) J jja 


Bus Vottage at PCC 


Individual Voltage 
Distortion (%) 

3.0 

1.5 

1.0 


Total Voltage 
Distortion THD (%) 

5.0 

2.5 

1.5 


69 10/ and below 
69.001 KV through 161 KV 
161.001 KV and above 


NOTE : High voltage oyotemo can have up to 2.0% THD where the cousc 
is an HVDC terminal that will attenuate by the time it is tapped for a user 




4_uoA 3 C 4_Laftjj 4 AjLuo1I 

t 4 ^JjoA] (jjJ IgJ L-LojI^JI lAjAj^aJ Cj\jA3|jj]| Ja ^ ')* a ) i 


. 16 (jc- IAjIjj (Jaj ^lax .xn ^1\ I EG 61000 - 3 — 2 (Jxo 

( 3 ^ .individual harmonic distortion 3 % THD Jl jks V 5yS.Vl s:>aj 

. I^jjj ^Jjoj 


Harmonic order Maximum permissible 

harmonic current 

n A 


Odd har 

monies 

3 

5 

7 

9 

11 

13 

15 < n < 39 

2,30 

1,14 

0,77 

0,40 

0,33 

0,21 

0.15 f 

Even harmonics 

2 

4 

6 

8 ^ n < 40 

1,00 

0,43 

0,30 

0,23 g 


THD (jjJj order ^lajj i^Aj 2.3 V AiJliJI 4-^1^) vliLaa 
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jill <joiAiA ; £j| c_jU£]| 



^Lyil^-.JI j$&X> g*y»..J <U iSimll J$JaII29.8 


: (jA i IajjjIj (Jjlflj c i \\g*nn<a\\ 4 jA*_a]| 4^Jjoi]| CjUasI^I \W (3>^ <^Ua 

4_xu3 ^jju ^J! (_£^Jjjoj 12l&j (. CS%\£ 4il_jJal Cj>LjI£JI ^JaAxi bSljjl 4^Jjoi]| 4-1j^SLi — 5 
. (Jj_Ujo L£ CjIjIjj ^-aLuj ^ull B BS Jl ^3 ^ -v \1 SjLoil 

J! ^^^ ^ non linearity Jl ^oU*^ V ^"'^ CjYjs-JI 9.'''**•"' ^ — 6 

. magnetization 

.jjjjall (jljpVI j»^c- ijni (JJ2J (JLaa-Vi jjjjj SjIc-1 — 7 

_' J ~ 1 ..' 0 "' 6 A J£ 5j—5 %30 )JV L Ajja^JI 4_iuU 99°" — 8 

. Sj JJI 4 f'j r> <" 'I £&.a cJlj& (jlS lil % 1 5 ^1 4_ijoijil 

(jjjj AjS^JI Cjlij^JI (jjj (JJJJ iSic. (_£J1I .lijjJI . (jjj_)3l Cjj-la. ‘ _' — 9 

lAjltJI 4jjl*-dl (j-o 4_£_ul]l CjlaLo 


/ir = 


kVA 


sc 


kVARr 


‘ t '_^ 

hr = resonant frequency as a multiple of the fundamental frequency 
kVAsc = short circuit current as the point of study 
kVARc = capacitor rating at the system voltage 

^[jjl clliAj . 4^udt ^_3 IajjjIj jl ,;,V)I A_Laj (JLa^-Vi (3^ Filters ^^ I uj^IwiVI <jl ^jc. 

: l^ia Filters Jl ai^l s.ip£ 


• "Passive Harmonic Filters ”. 

• "Active Harmonic Filters 11 . 

• "Compound Harmonic Filters". 

. "Passive Harmonic Filters "_\\ -= 29.8.1 

. (j^jl^Jl ^_lc. lIj l ^JIjJI ^_lc. l)j* • Lo&j "filters " Jl IJ& J...v ^jUL^jJa 
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JS (J<g Jl £-g (_£)l>ll cs^ jkll U (Jjj^ajJ JJ. ^9 

AC Line -*J-#-j— 

L J! ^J9 JaJjJa jjlflll ^jxu«ol S>3 (JjSj 17 — 30 

4_lxJlj Ia^ hj\* x«o I^jiSjJ-g ^ UrfoM jjlfllL 4_x^aJJI 0 _JI ^j9j 
U jlfl 4j9l>ll ak jJl j g >q Aix.9 ^j-gj 4 m ^ 4>3ljj JJjJ 
(j^Sj j^JAJ (J-gJIj Jjj jJl >JI S^jIAJ J ^ jJI (Ji>> 0 Un 

Ulcj . "Harmonics" Jl &aa ikU ^ U^a J 
. " 5th , 7th " J! u*J\ jUk^V jM U 

CjJial>ll <j-g ^c. 4jjJ ^JlJI CjjjjI g>JI Uj 

order JUIj US j 7th j 5th 4 3rd J! 4 _^U 4 jj>>11 

. ^ J S^USj i** Je US 

^) 1 jj (^ja Ajjaij Sj^ls (j 3 J 1 jjajl j Jjs harmonic current 4 > 3 l>]| ^jLp aaa^^a >JI 
Jjxqj J Ia&j electric driveS(JI a^^^a (_£a*j c_ulS lil (JJJ^I 4 ^gjs %30 ^>1 (^JJI 
. iJIS-g A:A.y.-\ (J* J-g t series_II ^->11 >JI (jc* ^>11 Jaa 


Harmonic Trap Filter 
Figure 29-15 


Figure 29-16 



t (J-gJI £-A Jl^ll jjJI L_uSjJ > lil Jl 

^ J ClU j CjUS-g ^jC- SjLiC- Jjlflll 

JS JU^VI JIjjII ^gie I>jSj j c£)l>ll 
I—II ^j9 jJU ^gA ajjJ qjSjj 6 18 — 30 l&AII 

AJsIjj ^Ijj jj^)J S^iJ 4AjUg ^ kJ 0 _ll ^J9 j 
I xk^l ^)JJI ^a Jl 4 jaJ 4AjJUl c AA 4_xu3 JjSj Jnj 4 n* <g 


( >e >Jjjoj JIa <jV JJ^VI ^Ij^ll (jJ Filters Jl ^JA ^>11 l«4> W^kj 

.>J aJUI ajasIjjII jjj-g jiJ Neutral Jl ^gjojJjVI 1 ^-gI^jjujI UI 3 ^ ^Jl 4 ^J 

Aic. Filters _1! Jt j 4 aKx> j ^Ul 4 _ 1 U cjUJ j cjUS^I 4 il Filters _ll ^j-g ^>11 U <._n*^ 

.^jjj^ll 4 ISjulg j^k < >e » Jj> > ^j-g 4JJI ^g ^_Jj^aJ I^gIa^JjujI 



















j$\\ <LulAj& ; £j| j]| 


747 


. "Active Harmonic Filters "_\\ -:VjU 29.8.2 


is IF iL 



Figure 29-17 


Filters J) ^ (19 


CjUsljjil 4 _)jLui4 CjUasIjj AjIjjj 
BaLAo-g I&jAj^sj ^j]| 

jL^skj ^ 

Sjj* >/i ji 6 (cjUiai^j 


. l^J ^.xu-haII AjAaJI 
cAjasI^jH a!jj 4jl ^p.i 


^aJ (j>»3 6 l^J fiJUJj 


4^1 , J U 


M C<_1C> ( gfl^k 1 


4AAj jjaII Ia^j ^ayjjj c 

Pure_ 11 ^ + jjIaIL saI^aII "Harmonic Wave" _JI ^ 4 gh^x>\l (JL^Vl Aic^ 

j^Ia j ^pll "distorted current wave" _!! = 4 ja*^' ja^ a^aIaI) sinusoidal wave "" 


^*v V \ jjSjj 4_S 4jjuAjujV 1 ^ n^ij ^aJ ^ja j . (4_i2kjLaJI 4^u~i\l ( ^1c. IAjj) j^laj JaAS 

• (JjVI djlfij^allj CjIaIaII ^aA^JjuaJ CAjlS ^jll 


. "Compound Harmonic Filters"_\\ : VAVl 29.8.3 

l^L, "passive filter "Jl J ^jj jSI c£l£JJI Ja/l^ "active harmonic filter" Jl ^-UjV IJu 

Ja JJ_ JJj cj U JI^ cjlaj^JI j ^ "Resonance"_ 1 L ^a.uj La.^^^ aJLojJ ^l&jl 

i_aj*jj"passive & Active filter" Jl (> J£ Jc. <_g 5 j=>j JJI jAj Filters Jl <> au*. Jl *jaJSi 

. Hybrid Jl J Compound JL 

harmonic _JI ^JU. J U "passive filter"_SI 4** JJjuj " 5 th , 7 th harmonic order" Jl ^JU. ja 

Jl <> (jjcjJI jjj "coordination" <jj*-a Jj-uL JSLj t "Active filter",_SI J i^p-Vl" orders " 

. "power Quality performance"Jl J& J^l J& J>-aaJI jJ <> Filters 
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Harmonic Cancellation J^l ^**JI JUII29.9 

Harmonic Cancellation __\\ i 29.9.1 

Harmonic 1 *<ajtj 1 ^ ^JlAj ^ u"\l ^9 cjL^i^ jjIj s^aaaII ^ 1 '■ ^' 

Magnitude and 3 -ijljj l$] 4j«a[p J£ J\ <_>olJ ei* s^a cjjjj jSj . Cancellation 

Jl ^^y aJU L£) JjL^a (_^Lau ^aL^jVI Jl u_3^ <■**cjLJal^JI ^ A y <jl Ustiajjujl Ilia Angle 
jiai uj^j Filters Jl ^ hV iJ ujAj Uj^ U*i* Aa cJlJ ^ ( Balanced Three Phases 

. Resonance Jl Ua 

! (J^la Cjyljj S^l fiAA 

i ~4 o'^*) J^l SpL^all CjLJsIjJI 4_jJj2) Asu cJIAj 4flh^x>ll AJj\ a\ JjVI — 1 

US (mitigation) l$il& jl (cancellation) oUal^JI l$Ja lx* s^Vl *aa J**j of> 

. JUI <J^JI C5^ A^yllui (_^JI (J5VI (> _ 5 -i*xll JUJI Ja^JL* 

.^m Ja*1\ JUJI ^ US ( D/Y & Y/Y ^ ) iib^a cdu^j* l*] ^Ia^L 4*JJI -2 
ja oj^ aj^UI oV^JI c Phase Shifting Transformer Jl J .viuJ ; aJUI -3 
V ajIa cj^JI <> ^Jl Iaa U 4 Turns Ratio Jl ^a jj^ cJllj Magnitude Jl 4_*ja jj^ 

JaVI ^1) p.l*JI j 4 Angle Jl Jj Magnitude Jl 

. lx* IjaL^jI 1^* *^1 diLJaljJI (jAaxj (4 *j5 JJflj 


bj.^\\ 29.9.2 

4j nCJl JL*^.Vl^ Sjjxj^JI JU^Vl ^a IaaJjj ^j£*jj 4 I diajjAl ^jALai^l* aALujj 4^a>L^. ^a S^JI oaa 
C jUaljJl la^ J^oC^j 5A2 v ^Ic. J-a^. J^ AjuojjJl ^A S^JIj . aI^-ojJ JLa^.VI ^a A^aJI ^j^oj dlia> aJjAJIj 
.UaUjI CjLJaljJI l^a 4 ghVi ^^Jl 4 4_xua 4 j 4j^aLkJI 

; ^^5 Sj&y^\ (j-o 4X- LS^* ^^Ij^ cl^C- ^aJ JUJI lAA ^^jia 

Jlc^U .1 
OFL 4_iJ .2 
.3 

^JljalC* • 4 

l JUI J£JJI ^ Ja^yLa jA 4AjJubJl jJJI ^-2k^Q ^ (_9y\Aa.l >A^gj 
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*L«ji l^i ^Jj\\ CjUial^jll ^jic. Jjj5jj]l £-aj l (_£)i.YI AjI^xall Zj£2^\ ~ In *a X-a o^a.YI s5a CjIjAsI^j 

(j-o Ja^iLa ^A La^ CjljjjsljaAi 4-ojflil ^3 S^a-Y 1 (JJJ ‘_ qV '^"'~t Ja£3 4-<ui ^j_a-i]ij filajl^ 

: Jbll JSill 
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27D 270 27D 



cancellation s^Ua Lu* 4jj]j C 5 ^ <«—9vta^l La l^^vL 

^ LED (j-° LS^ 0 (J-aC> ^aJ J1A3 4_/u3 CjLa3|^j]| ^1c> (3^*^ ^)JjL]| 4 lo^yLL j 

. ^y xo 4_SL^. vLx-aAxo 4_Lac* 4_il^ cJ^ IiQht dimmer s^LVl 


: ^JLII 4 ]^*syLa 


751 


















(J jk^al\ — 


jUI 




Hamionic 

Tele\ision 

Magnitude* Phase 
Angle 

Light Dimmer 

Combined 

Magnitude* 

Pliase 

Angle 

Magnitude* 

Pliase 

Angle 

1 

100.0 (1.20A) 

1 

100.0 (0.88A) 

-50 

100.0 (1.88A) 

-20.3 

3 

79,8 

-173 

76.6 

31 

23.3 

148 

5 

49,2 

12 

42.3 

122 

30.9 

49 

7 

20,5 

-159 

21.1 

-111 

21.0 

-138 

9 

4.0 

81 

21.2 

20 

11.4 

31,3 

11 

5.5 

-13 

17.7 

128 

6.0 

106 

13 

3.1 

175 

12.2 

-108 

6.2 

-121 

15 

0.8 

-138 

11.7 

20 

5.0 

17 


4_^uaj CjUflajjjH ljjj^u ^jj (jl (JjJaflj IjJ t CjUial^jH 4_ijlj c_9>llk) 4-2kjjj CjLiflaJjilH <j2j \jla Sj^^\ juc- ^\ 

.Jn43 4_*u3 ^jjj ilj 
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j£ll ; £jl jll C_jU£ll 


^Ull ^a*JI JUll 29.10 


4Vn31 s^pVl (j-<» 1 ^a\jjoiI^ variable speed drives 3 xfic.VI *i^|p 4 -ac.1h.o11 cjLo^IsiIa]! 

Sj^aII S.3p. (ja 4 _jj9 ^ CjLojlja .ii.1 ^ 4_1 ^joua]1 (J-qIaj]! ^ u^il I^jjj 3^3 oLpljll] 


• LluAjJ l_LLuj 


^ 29.10.1 


75CKVA 
&YQ 
Z%=4.9999 
X/R =4.8989 


3LG=30MVA 

SLGslOMVA 


T main 



5 MVA, 

Arva Z%*7, 
X/R=6.9282 

400 kVAc 
6KVLL 
YG 
Q»50 
Tuned to 
10 4 K) 


500 kVA 
LF=.10 
X**ds0,17pu 



B3 

300 \J 


Ratec size T 
500 KVA 1 - 1 


B2 

6KV 

750 kVA 
&YG 

ZV=4 9999 
XR=4 8989 

B4 

380V 


fijlA Ipjpj fjp 11 13k ^3 

-30 L^» ^ C5^!i ^Mj31 

1 a$\a Iaj 3 Clip. 20 

BB B2 (j-<4 (jljAijj 750 kVA 
5 MVA Sj3i ^joUJj (Jppj (Jj^al31 

(J-ala-a ^jijud^a] CaI^ 3ijp9 

. SjJiaII 


Figure 29-18 



J..oll (j3p-31 (j-<4 511 *-a]| (Jlx4^.Vb 

Six Pulses Inverters s)$J ^ 

1 l j 7j 5 cpjll (j>4 cjLpjjill (j) liAj 
^j-<4 c3] j Cajj j . Cjlppllj SJjpp 


^^31^ BB-B2 jc <^31 ^^li Cjlpp 

jl31 jLnll ^ 1 ^j 3 6p31 ap ll" 

. 21-30 J^3> ^ ^jil J^33 


Power SjJiaII JjU" S^pl ^l.^Vnubj 
^aJI cjUaljj ^ ^ Analyzer 

6,3k (j-G * wlj (3^ 6p3l C—LudJj ^)L31j 

. ClLpljlll 


Cjjjlpj ^^31 Cjl_pl^31 1 l j 7 j 5 31 CjLpljiHj LgJjoiV jiAII 6^331 (Jj 3131 (jJjpJl <j-<4j 

.cjlfl^[p]l l^j ^pjai31 %3 31 4_pj 
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B2 jluubAJI ^ifc ^ wia.b : ( ^ Jjj 


Ciliuol ji.1 j 
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Ciliuol ^Xl 

- <o* :(THD%) afraJJ ^KJI , 

i> J-uHJI 



jLuJt oLiiil ^a Jjls : ( Y ) J j 

0^ 

Ciliuusl jXI J3J-a. 

O^uuJI 

wL^, j £j jl j 

Cilaisl^ jJI jlaa 

4aaj 

-5_»-ujLxaJ! 

(■/■) 

jj^oLiisi ^jJI 


Caiafiil ^aJI 



\r,no 

n,tw 
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a r,iv\ 
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VI, AA :K JaUll - i 

^ * V, \ Y :lrms jLuJI 

- ci J > \ 

'/.A :iixuUaJI CiU^sl3XI Aa. - <T<V,Vl :(THD%) jUUJ ^JSJI 


^a\\ cAA\ 29.10.2 

^a'v a! 4jLj^]a £jc. djlaASl^l o^A Jal£ 4 _j^j ^ ^jjauJI I^A 

^nij jixj LaL^j) l!jV( /ill 

V Aj 4-jJajJ-o V^Y ^jA j)*\ all .1^.1 4-Ljj^a jj 

(j) cAlj £.]jj U -0 4 4jJajJ>i A/Y (j>a 

(J* I.aaj ^_joj (_)^ ^3 ^iljLoiLo Ul£ all 

JjUuII la^g-a^. ^jj l^J>Lk S;LJI CjLflajjjH 
^■v. 1 4 _Lu^jj jjj* 3 ^3 lili c slajV[j 4 -oj*]I ^ 

c 30 sjJi phase shift oV^^JI 
J£JL Jisil ta ujii .22-30 Jiill l#S 
^ phase shift Jl ^Lu l-a^ <_£pl ^U! 
. cjUa[pl] Cancellation Jl <> dsj.^. 
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B2 (jluA4JI ^ic j^aJI oUail^J *.4Uo :(T) Jjj 


CiUo^l^lt j 


«L^.j 4_ijlJ 


AjA j 

A-uxiLiill 

<*) 
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CtbASt^jJI 
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\,o*\ :K JoLxXI — 1 t*\,©A :lrms jUAJI — J > \ :.\^.rJI 

/A :A-uuUiJI oU^dI^JLI j^. - *\,Vo :(THD%) jUHJ ^iSJI ayiUI 


Asu jj£) Ax>ij^ A'sjn'j^ 

Power JL saja^> cjLJja 
l^bj j^Jaj ^[9 Analyzer 

AS 6^juoj]I i > ^ ^ ^jl L&^-La 
(_£^juj ^-Ul S^JJ^ Aj^jAj C-bJaA^jl 



Jjj A cs^' 11 fi> 

LgJjujV ^JXlu1X>1\ ^^AcJ 

(j£<uJI C> uji * 

Jajjaull j gbaAll lAA (j-o (j<o\v31 


A3 )AA jl J) SjLiVI jA^J 
8piiSI S J Ac. Luj 

JljU <jS3j ^ BB B2 ^g-ic. 

L>* SA^. c> 

6 Lo^Lkl j cAja2)jj]| jjjb 


. J£LL3 LAojajj (jl (j£3uj La^-La (_)^ (Jaj 


A^J A(JjAxj Asu (J^joJLj AAjULa ^jjL-aVI ^)l_n]|^ A^JI CjL^j-o (J^joi (Jjj (jjUjj 23 — 30 

. 11 31 AjasIj^I jlis ^bVn3 Axj J£33l Ijjjj L£ CjV^-aII 



Figure 290-29-21 
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f*> (jy* 








2 

Absolute Temperature 

A o\U a\\ 

3 

Admittance, Y 

Z 4-IaLulaII 

4 

Arcing Ground 


5 

Arrestor 

4juLa 

6 

Automatic Voltage Regulator 


7 

Base Load 


8 

Blackout 


9 

black start 

^ .Jxj t-dU-v A \\ JJLuu 

10 

Boiler 

AJ^C, 

11 

Brushes 


12 

Bundle Conductors 

( Ajlaj^ oJ-ixLa £&Luaj^a 

13 

Capacitance 

* AjUM 

14 

Capacitive Reactance 

<■ e>"\<A\ Aijbua 

15 

Chimney 

A ivUll 

16 

Circulating current 

opb jUj 

17 

Combined cycle 

A-£j* ijjl 

18 

common service building 

4-aUJI CaLaJ^JI ( _ r Lua 

19 

COMMUNICATION 

uiVtuajyi 

20 

compressor 

Ja&Uail 

21 

Condenser 

t 

22 

Dampers 


23 

Demand Management 

ju*$n ojiJi 

24 

Digital Protection 


25 

Disc 


26 

Distance relay 

AjiLuM Ajlij 

27 

Dry Transformer 

(trMJ j^) 

28 

Economizer 

LjUaa-Ail ^ j4>*^ 
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29 

Electric Field 


30 

Excitation 


31 

Exciter 


32 

Field Current 

jUj 

33 

Fire fighting pump 

JjjjaJI $.ULj 

34 

Flashover 

Jjxii j*j£ 

35 

Flux Linkage 


36 

Frequency 


37 

Generator 


38 

Governor 

aW') a\\ 

39 

Governor Valve 

a\\ 

40 

Guard Rings 

Jjljp AjIa^. 

41 

Healthy Phases 

JUaC-VI (jA 4-oaluJI 

42 

Heat Recovery Steam 

Generator, HRSG 

5;Jill LjUa^A jUall ±i]jj (j-a SjUluuVI 4-ajlala 

4a£ja]| 

43 

Impedance 

iSjU-all 

44 

in operation 

4_ ik* JLaa.1 (jjJj jj-Lj iijA 

45 

in service 

4a1c- JLa^L J-ualaj jj±j i]j-a 

46 

Inductance 

4_naJ| 4-aaa]| 

47 

Inductive reactance 

AijU-ail 

48 

Infinite Bus Bar 


49 

inverters 

JJjIa jaIuxa <ja jjxa 

50 

Load Curve 

JUa&l 

51 

Load Demand 

JU^U ijUall (JjLmja 

52 

Load Factor 

JIa^VI Jja-uu 4 _uaj JaIaa 
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Load Shedding 

JIaa&I 
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59 

Parameters 
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Peak Load 
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phase shift 
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72 

Rectifiers 

jjHuia ^jl\ JJ \J±a (JA 

73 

Reheater 
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Transients 

5>jU 1\ 
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Travelling Waves 
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Voltage drop 
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j£]l <LujAI& ; £j| j]| 



<LUJ*JI JJil\ fk\ 

4_jAJJUaJI — L—UjJulij ^ 4-^lxll 4 _joujjl_u£ 1 

AdC- j^aI! AtLajVl — 2 

l5 £j JjujT J^J^aII itLaiVi C-L^ _ 3 

jk/ixi ^ 4iUa]| jAI ks-\a tAAl^-a Ax^^ ^iLa aIjjuoVI L_j1j£ — 4 

aa — 5 

4 jjjai 2 l C_JJjAj ^ 4 -^Jjuj CjIaLo — 6 

4jjaiAi^JI ^^i*JI ^^3 L_)J)^>3l3 M CjLujIjAS! ^)JjlaJ CjjjjJaL^a — V 

^jjjAI^aIS Cj>LjI£JI CjIjI n^l ^jc- i— aLq — 8 
^vLaJI AJC- (J^)juiJ (JjJ.V^ a \\ £JJJa1I CjI ^J SjAaII (JaJ (JjLuJJ l_A lLq — 9 

(2016 4jl9A^ S^aIaII 4_juoA1^j 4ju]^)]| 4_LaJI c_J>Ua] 4_ij|Aj-a ^jjIaj — 10 

.4iUa]|j 4 _j jjjaJI ^jjjIaj]| — 11 

• ^aX^ A j)A -\a ^jj^aII aIjjujVI l_u£ — 12 
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